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FOREWORD

Seven hundred miles of meandering waterways interlace
the low-lying islands of California's agriculturally rich Delta.
Into this area of waterway and farmland flow the waters of the
great Central Valley; south through the Sacramento River, and
north by way of the San Joaquin River.

This bulletin presents the results of a comprehensive
study of the water of the channel system of the Sacramento-San
Joaquin Delta, Suisun Bay, and the surrounding waterways as they
relate to potential improvement in water quality which can be
accomplished as a result of the construction of major works of
the State Water Project.

The Delta and Suisun Bay Water Quality Investigation
was conducted over a four-year period. Water quality information
resulting from the investigation has aided in the planning of the
Delta facilities and the San Joaquin drainage facilities. This is
important because maintenance of satisfactory water quality within
the Delta is related to the successful operation of these facilities

Data regarding past, present, and future water quality
of the waters in the Delta and Suisun Bay are summarized in this
report. Water quality relationships are characterized under
various conditions of hydraulic regimen and waste disposal.
Hydrographic data are presented to aid in the design and future
operation of facilities of the State Water Project. Results are
presented that show the importance of project operation and pol-
lution control in meeting water quality objectives within the
Delta.

The studies reported on in this bulletin were essentially
completed during 1965* Partially on the basis of the results of
these studies, additional studies have been made and other studies
are currently in progress to further refine and evaluate the infor-
mation as reported in this bulletin. In addition, negotiations
with local Delta water users since the completion of the studies
have established certain criteria for water quality in the Delta.
The State Water Project in coordination with the Federal Central
Valley Project will be operated to meet these criteria. Therefore,
the operation of the Peripheral Canal will be different than was
assumed for these studies and will be flexible to meet the two
basic objectives -- water transfer and protection of the various
resources dependent on Delta waters.

V^^^itv^-e^ •

William R. Gianelli, Director
Department of Water Resources
The Resources Agency
State of California
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ABSTRACT

Continued development of water supplies in the Central Valley of California, to

meet export requirements and other beneficial needs, will result in decreased annual Delta

outflows to the San Francisco Bay. Future expansion of municipal, industrial, and agri-

cultural development will result in increased waste water in the Central Valley and at the

same time, population increases and industrialization of the bay area will result in sub-

stantial increases in waste water discharged directly to the bay. /The Delta and Suisun
Bay Water Quality Investigation was composed of several studies, each designed to yield
information to meet one or more specific objectives. Field dye tracer studies were used

to develop data on flow distribution, circulation patterns, diffusion characteristics, and

residence times in the major channels and waterways of the Delta-Suisun Bay system. Present
water quality was determined throughout the area of investigation primarily from data col-
lected by other investigators and augmented by limited supplemental sampling at certain
locations. Sources and amounts of natural and man-made water quality degradation were ex-

amined to evaluate their present and future effect on the quality of receiving waters.

Estimates of changes in water quality constituent concentrations were made with respect to

Peripheral Canal operation and San Joaquin Master Drain discharge at several alternative
outfall locations. /The studies reported on in this bulletin were essentially completed
during 1965. Partially on the basis of the results of these studies, additional studies
have been made and other studies are currently in progress to further refine and evaluate

the information as reported in this bulletin. In addition, negotiations with local Delta

water users since the completion of the studies have established certain criteria for
water quality in the Delta. The State Water Project in coordination with the Federal
Central Valley Project will be operated to meet these criteria. Therefore, the operation
of the Peripheral Canal will be different than was assumed for these studies and will be

flexible to meet the two basic objectives — water transfer and protection of the various
resources dependent on Delta waters.
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Sacramento-San Joaquin Delta

Along the lower course of the two rivers a delta has
been formed, extending up the Sacramento River from Suisun Bay
nearly to the City of Sacramento and up the San Joaquin River
to a point 20 miles south of Stockton. In the Delta approximately
700 miles of interconnected winding waterways divide the area
into many separate islands varying in size from a few hundred
to several thousand acres. Most of the land has been reclaimed
gradually over a period of 75 years to comprise the more than
400,000 acres of highly productive farm land within the Delta.
Generally, the reclaimed land lies near or below sea level and
is protected from flooding by levees.

Before the levees were constructed the character of
the area was that of a permanent tule marsh of boggy peat, im-
pregnated with silt, over which the water surface regularly
oscillated with the tide. In its original state of nature the
Delta consisted of swamp and overflow lands built up gradually
through the ages by accumulations of decayed vegetation and
deposits of silt brought down by the Sacramento and San Joaquin
rivers. These swamp lands were covered with various types of
aquatic vegetation, trees, and grasses.

Sycamores, willows and cottonwoods lined the banks
of the Sacramento River and its branch channels while the in-
terior of the islands and lower-lying lands of the Delta
supported a dense growth of tules and other aquatic plants.

The Channels

The network of channels which separate the islands in
the Delta is of great importance to the area. The channels not
only are the source of water supply used for irrigation of crops,
but they also provide efficient and economical water transporta-
tion. The Stockton and Sacramento deep water channels make it

possible for deep-draft ocean-going vessels to navigate inland
as far as Stockton and Sacramento.

The numerous channels form the reservoir from which
water is drawn for irrigation of the Delta islands. Under normal
conditions the runoff, or continuous discharge, from the Central
Valley not only replenishes the supply of fresh water but serves
as a natural barrier against the encroachment of salt water from
the bays. The same channels receive the agricultural drainage
water removed from the fields.

Since 1940 the Delta channels have been used to trans-
port water across the Delta, from north to south, and thereby
enabled diversion of water from the southern Delta for transport
into Contra Costa County and the San Joaquin Valley.

-3-



The Levees

The exceptional fertility of the Delta lands was a

great attraction to the early settlers^ and attempts to reclaim
some of the islands were made as early as I852. The initial
levees were small, two to four feet high, and were constructed to
keep out high tides. Though small and of little weight, diffi-
culty was experienced in their maintenance, and it is reported
that during the flood of 186I-62 they were overtopped with
disastrous results.

As the development of agriculture progressed, more
substantial levees were built. The levee system was extended to
either fully or partially protect every island in the Delta
against floods from the rivers, as well as from high tides.

The levees were not built without difficulty, parti-
cularly in the San Joaquin area where the top layer of peat is
underlain by fine sand, blue clay, and a very fine muck, which
under load, acts much like quicksand. Under the weight of the
constructed bank, the ground, for a short distance on each side,
settles. The theory is that the mucky material, not being stable
enough to support the load, moves out laterally until stability
is established. As a result of the settlement, the ground im-
mediately back of the levee is lower than the general elevation
of the island and the water collecting there tends to aggravate
conditions by softening the spongy peat foundations.

The over 1,100 miles of levees that confine the rivers
and navigable waterways above the level of the land have mostly
been created by those who use the Delta for many activities of
profit and pleasure.

The Islands

The lands along the banks of the natural channels were
built up by deposits of sediment from the overflow of the streams
during flood, so that the rims of the islands were considerably
higher in elevation than the interior of the islands. In many
cases these banks were high enough to keep out the tidal waters
during the period of low streamflow in the summer and fall.

Reclamation development in the Delta was started in
the 1850' s. The first work was done on a very small scale by
individuals who put up small levees, usually by hand labor, to
partially reclaim small acreages. Following the adoption of
several legislative acts, between 185O and i860, providing for
the sale of swamp lands, reclamation development increased rather
rapidly. The works required were of considerable magnitude and,
it soon became the usual practice for groups of individuals to
band together in a cooperative organization to carry out the
required construction work.

_1|-



The reclamation of lands in the Delta has made consider-
able alteration of the open channels. Some of the smaller natural
channels have been closed, but many new artificial channels have
been created by dredge cuts for levee construction. Most of the
main natural channels have been widened by the excavation of levee
material. The federal government has created new channels along
the San Joaquin River for improvement of navigation. All of this
work probably has increased the area and volume of open channels
within the tidal prism. However, the simultaneous leveeing-off
of lands which were originally submerged by tidal flow probably
has more than counterbalanced the increase in open channels.

Suisun Bay

Sulsun Bay, into which the Sacramento and San Joaquin
rivers jointly discharge immediately west of the Delta, is a

relatively shallow body of water. Its two main arms are separated
by a peninsula and close-lying islands extending out from the
north shore. Its southerly arm is practically a continuation of
the river and includes the deeper waters of the main navigation
channels. The other arm extends in a northeasterly direction
from the lower end of Suisun Bay and spreads out into a broad,
shallow basin, locally known as Grizzly Bay. Large quantities
of silt and debris brought down by the rivers have been deposited
in Suisun Bay, and through the passage of time the gradual
accumulations have resulted in diminishing the area and depth
of the bay. Dredging operations are required periodically to
keep the navigation channels open.

Contra Costa County

Along the south shore of Suisun Bay, there is a large
Industrial development extending from Antioch to Martinez. Much
of this development centers around the City of Pittsburg. Other
large industrial plants are scattered at various locations on or
near the bay shore from Pittsburg to Martinez. The low-lying
marsh areas skirting the shore are for the most part unreclaimed
and uncultivated. The upland area east of Antioch is devoted
largely to orchards and vineyards with some grain and hay, most
of which is dry farmed.

West of Antioch the upland area continues to develop
with both urban and industrial complexes. The Contra Costa Canal,
constructed 25 years ago, serves water to most of the area.

Solano County

Adjoining the north shore of Suisun Bay is an extensive
area of marshlands aggregating about 6o,000 acres and consisting
of numerous islands separated by a network of channels. One of
these main channels, Montezuma Slough, extends in a circular
path from the upper end of Suisun Bay to join the Sacramento
River just below Collinsville. Suisun Slough, another important
channel, meanders northerly to a dead end near Suisun and
Fairfield.
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The marshlands north of Suisun Bay have been largely
reclaimed by levees; the area within these levees aggregates
about 45,000 acres. However, only a small portion of the leveed
land is farmed. Agricultural development has been largely unsuc-
cessful, due to the salt-marsh character of the soil and the fact
that during most of each year, the water supply in the adjacent
channels is of a brackish quality. The leveed lands are now used
mainly as private hunting preserves.

Formation and Evolution

The geologic history of the Sacramento-San Joaquin
Delta region dates back to the late Tertiary period, some
10,000,000 years ago. Prior to that time, the area, like much
of California, was a part of the sea, and was the site of
deposition of a great succession of marine strata. Beginning
in the late Tertiary period the mountains to the west of the Delta
area were uplifted. This uplift continued into the Quaternary
period, about 1,000,000 years ago. By that time, most of the
landforms seen today had been created.

During the early part of the Quaternary period sea
level stood at an elevation several hundred feet lower than it
does today. This lower level caused the Sacramento River to
cut a deep gorge now known as Carquinez Strait. The Delta area
had the form of a broad plain across which passed the rivers
which drained the great Central Valley. This plain had an
average elevation of about 200 feet above the ancient sea level.

With the melting of the glaciers after the ice age the
level of the sea rose gradually. This was accompanied by a

gradual shifting of the earth's crust which caused subsidence
of certain parts of San Francisco Bay, the Delta and adjacent
mountainous areas. The net result was a gradual invasion of
the sea into the lowland areas. This transformed the broad
upland plain into a land of tidal marshes and peat bogs. It
has been estimated that the invasion has taken place during
the last 20,000 years, and evidence indicates that the maximum
amount has not yet been attained. This is attested to by a rise
of sea level of about three inches during the 50-year period
from 1880 to 1930.

-6-



CHAPTER II

WATER RELATED CONSIDERATIONS

The Delta and Suisun Bay has so far been described in
glowing termSj and with a considerable amount of justification.
Praise, however, is in itself not enough. It is necessary that
we continue to reevaluate our natural resources and plan for
their maintenance, environmental control, and when practicable,
for enhancement of their more desirable elements in order to
more fully develop their potential.

Water Quality

California's Central Valley, one of the l8 major river
basins in the continental United States, will continue to pro-
vide a suitable environment for an energetic society. It will,
that is, if the people of California continue to remind them-
selves that water, and particularly the quantity and quality of
water, is a prominent factor in controlling future growth and
development. The increasing importance of comprehensive planning
for optimum development and conservation of the State's land and
water resources, in order to ensure the everlasting maintenance
of our irreplaceable resources and the enhancement rather than
degradation of desirable elements, cannot be overemphasized.

Continued development of water supplies in the Central
Valley of California, to meet export requirements and other bene-
ficial needs, will result in decreased annual Delta outflows to
the San Francisco Bay system. Future expansion of municipal,
industrial, and agricultural development in the Central Valley
will result in increased waste water in the Central Valley and
hence into the bay. At the same time, population increases and
industrialization of the bay area will result in substantial
increases in waste water discharged directly to the bay system.

Pollution problems, more severe than ever experienced
before in the bay area, will result from increased waste discharges,
within and without the bay system, unless steps are taken to regu-
late and control their occurrence and plans are made for a feasible
solution to the waste problems.
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In order to properly and adequately plan for the main-
tenance, control and enhancement of our environment, knowledge
of the assimilation capacity, hydraulic characteristics, and
water quality conditions of the Delta and bay system is essential.
This knowledge is also essential to the successful operation and
regulation of the facilities of the State Water Project.

Beneficial Uses

Present beneficial uses of the Sacramento-San Joaquin
Delta and Suisun Bay vary according to specific location and from
season to season. Generally, the area can be divided into three
zones; northern Delta, southern Delta, and the western Delta and
Suisun Bay. Two distinct seasons, summer and winter, can be
differentiated by low uniform flows and high erratic flows.

At the present time, beneficial uses in all three
zones include domestic and agricultural water supply, fish and
wildlife, recreation, waste water disposal, navigation, and
scenic enjoyment. In the southern and western Delta there is
also industrial water use. Exportation of water from the southern
Delta is currently a beneficial use in that zone.

Future beneficial uses in the Delta and Suisun Bay,
following construction of the Peripheral Canal, will be somewhat
modified. The southern Delta will no longer be used for export
there will be alternative water supplies to meet some of the needs
in the western Delta and water will be exported from the northern
Delta.

Accepted Standards

Water quality control authorities, public health offi-
cials, and water resources engineers have long been aware of the
need for adequate water quality criteria. They recognize a re-
sponsibility to the public to maintain a healthy environment for
recreation and fisheries, suitable water for irrigation, and
safe water for municipal and industrial uses. Criteria are
needed so that limits on specific concentrations of constituents
in receiving waters can be established. However, because of the
difficulty of establishing exact criteria, values for quality
parameters have been selected by various public agencies as
objectives for present and anticipated beneficial uses. Guides
have been developed to assist in the determination of the suit-
ability of water for municipal, industrial, and agricultural use,
recreation, and the preservation of fish and wildlife.

Municipal Water Supply . Drinking water standards,
established by the United States Public Health Service, have been
adopted by the State of California. They set mandatory limits on
the concentrations of eight constituents and recommend limits of
fourteen more. Interim standards adopted by the California State
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Board of Public Health provide for issuance of permits for
drinking water supplies on the condition that certain selected
mineral constituents do not exceed specified concentrations.
The State Board also defines maximum safe amounts of fluoride
ions in drinking water, in relation to mean annual temperature.

Industrial Water Supply . Industrial water quality
requirements vary greatly between industries. Food processing,
beverage production, pulp and paper manufacturing, and textile
industries require better quality water than some cooling and
metallurgical operations. As an example, the degree of hardness
that can be tolerated in water supplied for industrial purposes
may vary from as little as 2 mg/1 (milligrams per liter) to over
500 mg/l of CaC03 (calcium carbonate), depending on the planned
use for the water. Usually, if a water supply meets drinking
water standards it will be satisfactory for industrial use.

Agricultural Water Supply . Only general limits of
quality may be suggested for irrigation water because soil per-
meability, drainage, temperature, humidity, and rainfall alter
the response of a crop to a particular quality of water. However,
the United States Department of Agriculture places irrigation
waters in three general classes for which allowable constituent
concentrations have been determined.

Class I - Regarded as safe and suitable for
most plants under most conditions
of soil and climate.

Class II - Regarded as possibly harmful for
certain crops under certain con-
ditions of soil and climate,
particularly in the higher ranges
of this class.

Class III - Regarded as probably harmful to
most crops and unsatisfactory for
all but the most tolerant.

Recreation . Generally, water supporting a healthy
aquatic population, with BOD (biochemical oxygen demand) of 2 .

5

mg/l or less, and a population of coliforms resulting in a most
probable number (MPN) of 1,000 per 100 ml (milliliters) or less,
is adequate for water contact sports. Water used for recreation
purposes should be free from obnoxious floating or suspended
substances, objectionable color, objectionable odor, and sub-
stances which are toxic upon ingestion or irritating to the skin.

Fish and Wildlife . Water quality requirements for fish
and wildlife must be general because the requirements differ for
different types of aquatic life. Fresh water fish for example,
cannot tolerate high concentrations of chloride, and salt water
fish usually cannot survive where chloride concentrations are
low. Many mineral and organic substances in low concentrations
are harmful to fish life; pesticides, ether-soluble materials,
and salts of heavy metals are of primary concern. Fish are also
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affected by rapid changes in temperature. Dissolved oxygen
concentration of 5 iwg/1 is considered to be the minimum desirable
for sustaining fish and aquatic life.

Established Requirements

Water quality requirements ^ related directly to
specific purposes or which are policies and recommendations of
specific agencies, vary in relation to the objectives of the
organization or project.

State Water Project . Quality limits for the water to
be delivered by the State Water Project were established in 1955
with the assistance of a special board of consultants who recom-
mended specific limiting values for the more important mineral
constituents and characteristics. This board considered the
recommendations of many interested parties, including federal,
state, and local agencies, agricultural and industrial water users,
and associations and societies concerned with water quality.
The board recognized that allowances must be made for increases
in population and in agricultural and industrial development,
and that water flowing in all portions of the system should be
of satisfactory quality to meet the intended uses without ex-
tensive treatment.

The board refrained from recommending specific limits
for indices of contamination or for constituents bearing directly
on fish and wildlife, as limits for such constituents are subject
to regulation by the Regional Water Quality Control Boards, the
State Board of Public Health, and the State Fish and Game
Commission.

For purposes of the water quality objectives of the
water supply contracts, the recommendations of the board of
consultants were considered but most of the limits were increased
by about 10 percent to allow for moderate deterioration of
quality between the points of diversion in the Delta and the
points of delivery.

Article 19(a) of the "Standard Provisions for Water
Supply Contract" states that:

"It shall be the objective of the State, and
the State shall take all reasonable measures to make
available at all delivery structures for delivery of
project water to the Agency, project water of such
quality that the following constituents do not exceed
the concentrations stated as follows:
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Waste dischargers within the area of investigation are
controlled by the San Francisco Bay Regional Water Quality Control
Board and the Central Valley Regional Water Quality Control Boaid .

Resources Agency of California . The Administrator of
the Resources Agency of California established interim water
quality objectives for the Delta and San Francisco Bay to govern
the activities of the Agency. These interim water quality objec-
tives are applicable only for the period preceding the establishmen
of permanent objectives by the State Water Quality Control Board,
and are shown in Table 1.

The objectives were presented on the basis of beneficial
uses. They were not intended to specify what beneficial uses
should be protected in any particular area, but to protect all
possible beneficial uses. All units of the Resources Agency were
directed to operate the waste discharge facilities under their
control so as to meet the objectives at the points in the Delta
and in San Francisco Bay where the various beneficial uses exist.

Water Development Projects

The history of water resource development in California
largely has been that of control and regulation of the supply at
its source, to insure its timely availability when needed, and
conveyance to the service area where required. Water development
in the Sierra Nevada has proceeded without too much concern over
water quality since, in general, water flowing into the Central
Valley is of good quality.

As the Central Valley has become more intensely devel-
oped, water quality has become increasingly important. In the
Delta, water quality is affected both from river discharges coming
out of the Sacramento and San Joaquin valleys and from the tidal
action which brings ocean salts into the Delta channels. Water
development projects to maintain, control, and enhance water
quality are receiving high priority from all levels of government.

The California Water Plan

During the 1950 's the State published three important
reports: Bulletin No. 1, "Water Resources of California",
Bulletin No. 2, "Water Utilization and Requirements of California",
and Bulletin No. 3, "The California Water Plan". These three
reports represented almost ten years of planning, investigation,
and study. When the studies leading to these reports were
completed, the results showed that there were 70 million acre-
feet of runoff annually from California streams, that approxi-
mately 19 million acres of land would one day be irrigated and
consumptively use 30 million acre-feet of applied water, that an
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additional 6 million acre-feet of applied water would be used for
other purposes^ and that the total ultimate water requirement for
the State of California would be about 52 million acre-feet per
year. It was anticipated that 5,3^2^000 acre-feet of this water
requirement would be met from California's anticipated rights in
and to waters of the Colorado River.

On the basis of studies leading to the formulation of
the California Water Plan, it was concluded that the projected
water requirements could be met through conservation, regulation,
and development of California's water resources.

The Central Valley covers some 40 percent of the State
of California; however, the Central Valley's water requirement is
a little over 60 percent of the total State requirement. The
Central Valley of California is important to the remainder of the
State, since it is in this valley that most of the water distribu-
tion facilities for exporting water from surplus areas to deficient
areas will be constructed.

One facet of the California Water Plan, the coordinated
plan to guide the development of the State's land and water
resources by redistributing the State's water supply, is of con-
cern to those studying the San Francisco Bay and the Delta area.
This concern relates to any possible future impairment to the
quality of water in the San Francisco Bay or the Delta drainage
area.

Development and regulation of Central Valley water
supplies for agricultural use on the valley floor has all but
depleted the quantity of natural summer outflow from the Sacramento-
San Joaquin Delta. Even in normal water years there are periods
of time during the summer months when the natural outflow would
be essentially zero. However, since 1944, releases from Shasta
Reservoir have helped repel the summer salinity threat to the Delta.
There has been no year since completion of the Shasta Dam that a

severe intrusion problem has been experienced within the interior
Delta. Had there been no releases for salinity control, salt water
would have intruded well into the interior Delta.

For several years the U. S. Bureau of Reclamation has
utilized the natural channels of the Delta to convey Sacramento
River water to the Tracy Pumping Plant, a feature of the Central
Valley Project. In recent years. North Coastal water has been
added to this system through the Trinity River Division of the
Central Valley Project. To accomplish this cross-Delta transport
of water, it is desirable to maintain a positive Delta outflow at
Chipps Island in order that brackish water not be sucked toward
the Tracy Pumping Plant. At times, flow reversals have occurred
in the lower San Joaquin River in the vicinity of Antioch, causing
these brackish waters to be borne toward the pumps.
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Because of the Increased quantities of water to be ex-
ported southward with the authorized expansion of the Central
Valley Project and through the State Water Project facilities and
because of the higher quality standards set for this export water^
more control over Delta water quality is necessary. This will be
accomplished through use of the Peripheral Canal. With a Peripheral
Canal it will be possible to transport required quantities of water
across the Delta. The increased use of the Central Valley water
supplies will result in an increase in the duration of saline water
intrusion in the western Delta. The Peripheral Canal offers,
however, an almost unlimited opportunity to control the hydraulic
characteristics and the water environment of the Delta. Before the
Peripheral Canal could become an efficient reality, however, it was
necessary that we acquire the knowledge to understand the present
hydraulic characteristics and water quality in the area.

Another facet of this increased development that will
affect the Delta and San Francisco Bay is the increase in waste
water drainage that will be created out of the expansion brought
about by new water supplies in the Central Valley. The increase
in irrigation will generate relatively large quantities of drainage
water, while urban and industrial growth will result in degradation
to the available water supply.

Local Water Projects

California's early irrigation supplies were diverted from
nearby streams without storage, thus limiting irrigated lands to
those that could be watered from available low summer flows. This
procedure was practical until the natural summer streamflow was ex-
hausted and it became necessary to conserve winter runoff for use
during the following summer. Hydroelectric power development proj-
ects on the streams of the Sierra Nevada Range provided storage and
regulation necessary to augment the natural low summer flow and
were in many cases integrated with local irrigation developments.

The metropolitan areas of San Francisco and the East Bay,
under the pressure of ever increasing water requirements and dimin-
ishing resources of undeveloped local water, exercised considerable
initiative in solving their water supply problems. Remote sources
of supply in the Sierra Nevadas were chosen for development and
extensive conveyance systems were used to bring the water across
mountains and valleys to the service area. While these water supply
developments on the Mokelumne (East Bay Municipal Utility District)
and Tuolumne (San Francisco's Hetch Hetchy system) rivers are out-
standing examples of initiative and leadership in water supply
development in California, the results must be analyzed as they
affect the water supply situation today.

Regulating and conserving water originating in the Sierra
Nevadas and transporting it by a closed conduit to areas of need
around San Francisco Bay has a more profound effect on the Delta
and Suisun Bay than do the activities of the local water developers
in the Central Valley. Water regulated and developed by Central
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Valley users is released primarily during the summer months for
agricultural use. Depending upon location and economics, the
drainage and return flow may be reused one or several times before
it appears as Delta outflow to San Francisco Bay. Water thus
developed for Central Valley use serves a variety of needs.

Local water projects in the Central Valley, particularly
those constructed during the early portion of the century, were
generally single-purpose water development projects; Central Valley
water supplies were developed for either agricultural use on the
valley floor or municipal and industrial use in the San Francisco
Bay area. The more recent projects have been primarily dual-purpos-
in that they have been used to generate hydroelectric power and
provide flood control as well as to conserve water for consumptive
-purposes. In addition, local water projects now often include
recreation and fish and wildlife enhancement as project purposes.
Water released for fisheries enhancement during the dry summer
months could also serve to improve water quality conditions in the
main river channels, the Delta, and San Francisco Bay. In general,
however, improving water quality conditions in the Delta or San
Francisco Bay has not been included as a project purpose of local
water development.

Federal Water Projects

During the early 1900's water supply projects in the
Central Valley were generally conceived and consumated through
local efforts. However, starting in the 1930' s, federal agencies
entered the field of water resources development in California.
The U. S. Army Corps of Engineers, through its responsibilities for
flood control and navigation, and the U. S. Bureau of Reclamation
have each constructed comprehensive projects. The most extensive
of these is the Central Valley Project of the Bureau of Reclamation
The Central Valley Project, originally envisioned and formulated by
the State of California and constructed and operated by the Bureau
of Reclamation, is a multiple-purpose development. It is designed
to supply water for irrigation, municipal, industrial, and other
uses; improve navigation on the Sacramento River; provide adequate
flows to maintain suitable water quality in the Sacramento-San
Joaquin Delta; control floods in the Central Valley; and produce
hydroelectric power. Water is stored in reservoirs such as Engle,
Shasta, and Folsom, and is released during the dry summer months to
meet these purposes. Release of storage water at specified times
can give assurance that the net Delta outflow will be positive.
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Facilities proposed provide for a conveyance system
hydraulically isolated from Delta channels. The Peripheral Canal
would begin with an intake and fish screen located on the
Sacramento River, near Hood, followed by a low lift pumping plant.
The canal would cross the eastern edge of the northern Delta, be
siphoned underneath the Mokelumne River and continue toward
Stockton where it would be siphoned underneath the San Joaquin
River. It would then proceed southwesterly across the southern
Delta and be siphoned underneath Old River. The canal would
divide at this point into two branches: one terminating at the
Bureau of Reclamation's Tracy Pumping Plant intake canal, and
the other proceeding to the Clifton Court Forebay and terminating
at the State's Delta Pumping Plant.

These facilities are key features of the State Water
Project and are important in achieving the objective of the
California Water Plan: to conserve water in areas of surplus
and to transport water to areas of deficiency.

San Joaquin Master Drain . There are today agricultural
lands in the San Joaquin Valley that can no longer produce crops
or on which production has been curtailed because of drainage
problems. The importation of additional quantities of water by
the State Water Project and the San Luis Division of the Central
Valley Project will further aggravate this condition unless
provisions are made for adequate water quality control and
removal of poor quality drainage waters from the area. Drainage
problems and the need for disposal facilities are evidenced in
three ways: (1) loss or curtailment of agricultural production,
(2) water quality degradation in surface streams, and (3) water
quality degradation in ground water supplies.

The California Water Plan recognized the need for
drainage disposal facilities in the San Joaquin Valley and the
importance of protecting its agricultural bounty. Drainage
disposal facilities have been authorized by the California
Legislature and the United States Congress, and recently a plan
for a San Joaquin Master Drain was formulated and presented in
Department of Water Resources Bulletin No. 127 j "San Joaquin
Valley Drainage Investigation, San Joaquin Master Drain" . This
report recommends construction of a San Joaquin Master Drain to
maintain the agricultural economic structure of the San Joaquin
Valley and also as the first step toward protection of the surface
and ground water quality in the area.
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CHAPTER III

DELTA-SUI SUN BAY WATER QUALITY INVESTIGATION

The Delta region is a vital area since it is through
here the surplus water conserved in the north will be transported
to areas of deficiency in the south. Surplus water must be
transferred either around or through the Delta channels without
undue loss or deterioration in quality.

Continued development of Central Valley water supplies
for agricultural, domestic, and industrial purposes will result
in decreased annual fresh water outflow to the San Francisco Bay
system and increased volume and concentration of waste water
drainage. Construction and operation of the Delta water facili-
ties will have a strong influence on future conditions, and water
quality deterioration will occur if measures are not taken to
control and prevent such degradation.

Intimate knowledge of the present and projected future
waste assimilative capacities of the Delta channel system and the
Suisun Bay area, and the factors affecting this assimilative
capacity, is necessary before criteria for future control of
Delta and Suisun Bay water quality can be determined. Of principal
concern is the complex factor of tidal hydraulics peculiar to this
area and its relationship to water quality. Sufficient knowledge
necessary to cope with future conditions can be obtained only from
intensive and thorough study of conditions now existing in the
Delta and Suisun Bay area.

Many water quality factors have been studied in earlier
investigations and some are included in current studies. However,
certain additional information and collation and evaluation of
data from a number of sources was necessary to establish planning,
design, and operating criteria for proposed works in the Delta.
Thus, the Delta and Suisun Bay Water Quality Investigation was
initiated as the water quality portion of the overall planning
of the Delta water facilities. The investigation also included
estimation of water quality changes which could result from dis-
charges from the San Joaquin Master Drain. During the investigation
specialized subjects were studied, interpretations were made, and
results were compared to findings of other investigations to assess
their validity. The Investigation was primarily concerned with
water quality and related hydrology.
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Goals and Objectives

The general objective of the Delta and Suisun Bay Water
Quality Investigation was to characterize present natural and man-
made sources of water quality degradation^ to determine their
effects on beneficial uses^ to evaluate these and future sources
with respect to operation of the Delta water facilities and the
San Joaquin Master Drain^ and to provJ.de data on hydraulic charac-
teristics required for the design and operation of these facilities

To fulfill the general objective^ the following specific
objectives were established:

1. Determine flow distribution^ circulation patterns^,
diffusion characteristics^ and residence time throughout the
major channels and waterways of the Delta-Suisun system, under
various tidal and inflow-outflow circumstances, with particular
emphasis on summertime conditions when Delta outflow is at a

minimum and water use at a maximum.

2. Determine present water quality throughout the
area of investigation including dissolved minerals, organic
materials, nutrients (nitrogen and phosphorus), and oxygen
relationships; and, evaluate natural and man-made sources of
degradation in order to provide the basis for evaluating changes
in Delta water quality under future conditions, irrespective of
the physical works selected for the Delta facilities.

3. Estimate the probable effect of discharge from the
San Joaquin Master Drain upon water quality conditions in the
receiving waters.

4. Collate water quality aspects of present beneficial
uses and present quantities and qualities of waste discharges.

5. Provide information which would serve as a guide
for operation of the Delta water facilities and the San Joaquin
Master Drain.

Scope of Investigation

The Delta and Suisun Bay Water Quality Investigation
was programmed as a four-year multiple-phase study to define and
delineate existing and potential problems in the Delta channel
system and Suisun Bay area. The two main phases of the investi-
gation were established as:

1. Evaluation of the tidal hydraulic regime of the
Delta, its western channels and Suisun Bay, under various con-
ditions of fresh water outflow and ocean tides.
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2. Evaluation of water quality and waste assimilation
characteristics of the channel system and Suisun Bay.

Tidal hydrographies were considered inseparable and basic
to water quality in estuarial systems of the type found in the San
Francisco-Suisun Bay complex. Water quality sampling and waste
discharge inventory monitoring^ simultaneously with the hydraulic
studies, were necessary. Continuous assessment and evaluation of
analytical results of both water quality and hydraulic data were
made as the program progressed.

The investigation was coordinated with the various
sampling programs being conducted by state, federal, and local
agencies. Several existing programs were directly applicable to
the Delta and Suisun Bay Water Quality Investigation and data
obtained from these programs were used. Programs used to provide
valuable information regarding mineral quality of surface and
ground waters are included in a subsequent section of this report,
titled "Related Studies".

Exact boundaries for geographical limits of the investi-
gation were not established since they would be influenced to a

considerable extent, by the hydraulic regimen of the San Francisco
Bay estuary and the Delta channel system. However, it was generally
established that the physical area of the investigation would en-
compass a triangular section of the State from Sacramento on the
north, Vernalis on the south, and Vallejo on the west.

Movement of Water

Flow distribution, circulation patterns, diffusion
characteristics, and residence times were determined by two
methods.

Several detailed hydraulic dye tracer studies were con-
ducted in the major channels and waterways of the Delta
using Rhodamine B and Pontacyl Brilliant Pink. The fluorescent
properties of these dyes permit their detection at concentrations
as low as O.O5 parts per billion. At these low concentrations
the dye is not visible in the water. Its concentration is measured
by an instrument called a fluorometer. Dye dispersion tests
were also conducted in the U.S. Army Corps of Engineers' San
Francisco Bay Model in Sausalito to provide data for estimating
the probable effects of discharge from the San Joaquin Master
Drain on the water of Suisun Bay.

Analysis was made of continuous records of specific
conductance of water throughout the Delta where discharges of
high salinity water from Reclamation District No. I08 into the
Sacramento River above Knights Landing or from other sources
could be traced. Data from the Sacramento River Water Pollution
Survey indicated that the study of data available from the
Department's Surface Water Quality Monitoring Program and from
the Bureau of Reclamation' s recorder stations would yield a
better understanding of the manner in which water moves through
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and mixes within the Delta. During the investigation, three
specific conductance (EC) recorders were installed in the Delta
area and maintained in coordination with EC recorders of the
Bureau of Reclamation. These supplied continuous information
relative to dissolved solids in the waters of the Delta.

Oxygen Relationships

Oxygen relationships were studied by means of intensive
surveys where samples were taken at about two-hour intervals from
closely spaced stations. Samples were analyzed for dissolved
oxygen, alkalinity, and temperature. Selected composites were
analyzed for mineral and organic constituents, including trace
elements. These data permitted determination of factors in, and
recovery rates of, dissolved oxygen concentrations from the Delta
Cross Channel (the approximate oxygen sag-point in the Sacramento
River), across the Delta to Tracy.

Pesticide Concentrations

A sampling program was conducted to provide information
on present concentrations of pesticides in surface waters, irri-
gation waters, and agricultural drainage wastes in the San
Francisco Bay-Delta complex, the San Joaquin Valley, the Imperial
Valley (Salton Sea area), and at other selected stations. Fish
samples and bottom sediments were also collected for pesticide
analysis

.

Waste Water Discharges

Information on beneficial uses and waste water discharges
were obtained from various state and federal agencies, then
collated and evaluated. Agricultural drains in the Delta were
sampled to determine present water quality characteristics of
the drainage. This data was used to evaluate changes in water
quality, to correlate present and 195^-55 drainage quality, and
to predict future drainage qualities and resultant changes in
water quality within the Delta channels.

The effects of discharges from the proposed San Joaquin
Master Drain were predicted on the basis of hydrographic data
from tracer studies, chemical and biological features of the
receiving water, and" the estimated characteristics of the
drainage water. Present environmental conditions in the Imperial
Valley were compared with those observed in the Delta and Suisun
Bay to predict changes in future receiving water quality within
the Delta and Bay systems.

Water Quality

Present water quality throughout the area of investiga-
tion was determined from the several programs which routinely
collect water quality information in the Delta and Suisun Bay.
In addition, a number of special studies have been conducted by
various governmental agencies. A supplemental surface water sam-
pling program was conducted as a part of this investigation to

provide necessary information on Delta surface water quality not
previously available from other programs.
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The development of water quality guides for operation
of the Delta water facilities and the San Joaquin Master Drain
was dependent upon completion of the previously noted studies
and predictions of the future water quality of Delta inflows.
Investigations leading to such predictions were within the
purview of the Department's Water Requirements and Project
Staging Program and the work of this investigation was accordingly
coordinated with that program.

Information collected before 1962 by various state and
federal agencies has been summarized and is regarded in this
report as historical data. Data from January 1962 through
December 1964 were evaluated as representative of present con-
ditions. Information collected during field studies was incorporated
with other available data and is presented as the most recent
knowledge.

Related Studies

To coordinate and integrate other state and federal
programs with the Delta and Suisun Bay Water Quality Investigation^
particular attention was given to several activities related to
basic data collected in the Delta. Historic and present environ-
mental characteristics of the Delta were determined primarily from
information routinely collected by these associated studies.

California Department of Water Resources

Implementation of Delta Water Facilities . This advanced
planning program is the Department's core study and is basic to
the formulation of a final plan for State Water Project facilities
required for transfer of water across the Delta. Planning objec-
tives for the Delta water facilities include provision for
supplying local water needs, diminishing flood and seepage damage,
improving transportation, protecting and enhancing fisheries resources,

and serving recreational demands in the Delta area. The program
includes planning studies of certain problems to aid in the design
of the Delta water facilities, to develop adequate data for opera-
tional plans, and to guide negotiations with local, state, and
federal agencies for implementation of construction and operation
of such facilities.

San Joaquin Valley Drainage Investigation . This investi-
gation was initiated in June 1957 to determine the quantity and
quality of waste water that should be removed from the San Joaquin
Valley under future conditions and the most feasible method of
doing this. A report on the investigation. Bulletin No. 127,
along with several appendixes, has been published.
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Surface Water Quality Monitoring Program . This is a

basic data program to secure continuous water quality Information
throughout the State. Twenty-one stations in the study area are
sampled monthly for physical, bacteriological, and partial mineral
analyses; semiannually for trace elements, standard mineral, and
radiological determinations. Prior to July I963 three of these
stations (Sacramento River at Freeport, San Joaquin River at
Vernalis, and Delta-Mendota Canal at Tracy) were sampled daily
by the U.S.G.S. and results were combined at ten-day intervals
for a complete mineral analysis.

Waste Water Quality Survey . This is a continuing
statewide program to obtain and evaluate data on waste water
presently reclaimed for subsequent reuse or which has potential
for future reclamation. At least once every five years samples
are collected for mineral and detergent analysis. Discharges,
which incorporate reclamation operations or are located in water-
short areas, are investigated more frequently.

Sacramento River Water Pollution Survey . This investi-
gation, conducted from September 1959 through June I962, provides
the best available data on the quality of the major inflow to the
Delta. Information from this investigation was presented in
Bulletin No. Ill, "Sacramento River Pollution Survey", published
in August 1962.

Four-Day Chloride Sampling Program. This program, ini-
tiated by the State in 1931 and sponsored since 19^3 by the U.S.
Bureau of Reclamation, provides frequent information regarding
location and magnitude of salinity intrusion in the Delta.
Data from this program define the extent of the intrusion of
salinity of 1,000 parts of chloride per million parts of water,
as affected by tidal and other hydraulic conditions.

Surface Water Measurement Program . This is a continuous
basic data program to provide information on perimeter inflows
to the Delta and tidal stage data concerning the western Delta
and the San Francisco Bay complex.

Climatological Data Collection . The objectives of this
program are to augment information received from United States
Weather Bureau stations, provide a repository for current clima-
tological data, and to supply dependable information on rainfall,
temperature, evaporation, and wind velocities for use by agencies
during the development and planning of water projects.
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California Department of Fish and Game

Delta Fish and Wildlife Protection Study . This five-
year study was initiated in 19bl under terms of an agreement
between the Department of Fish and Game and the Department of
Water Resources. Biological studies are made by the Department
of Fish and Game and engineering studies by the Department of
Water Resources.

The study was established to assure adequate protection
of the fish and wildlife resources of the Delta during and after
construction of the Delta water facilities.

The general objectives are: (l) to determine how the
design^ construction^ and operation of Delta facilities will
affect fish and wildlife resources of the area; (2) to recommend
any changes in project plans, facilities^ or operations required
to protect fish and wildlife; (3) to recommend means for compen-
sation of any unavoidable loss of fish and wildlife resulting
from construction or operation of the Delta facilities; and;,

(4) to recommend practical measures which might be taken to en-
hance fish and wildlife resources in connection with development,
construction, and operation of the Delta water facilities.

San Francisco Bay Study . This study of the fisheries
resources of San Francisco Bay, south of Point San Pablo, is
conducted by the Marine Resources Operations Branch and is coor-
dinated with the Delta study.

Central Valley and San Francisco Bay Regional Water Quality
Control Boards

Municipal and Industrial Waste Discharge Monitoring .

Major municipal and industrial waste discharges to the Delta, its
western channel system, and the San Francisco Bay system are
monitored continuously. The physical, chemical, biological, and
bacteriological characteristics of the waste discharges are
evaluated.

Data from this program meet the needs of the Delta and
Suisun Bay Water Quality Investigation for general knowledge of
quantities and characteristics of municipal and industrial waste
discharges.

California Department of Public Health

Environment Radiological Surveillance . Radiological
analyses of surface water samples are made monthly under this
program for the cities of Sacramento and Antioch.
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Special Public Health Investigations . Studies are con-
ducted In areas where there are suspected problems Involving water
supplies or recreation. A major study of the Stockton area was
made In 1962. Other studies have been conducted In the Antloch
and Tracy areas.

University of California

Comprehensive Study of San Francisco Bay . This program
was Initiated with a reduced area survey of south San Francisco
Bay In 1959. The comprehensive study began In I96O under terms
of an agreement with the State Water Quality Control Board. A
final report was scheduled for I966. The physical^ chemical, and
biological quality of the water and sediments, and the pollution
characteristics of the Bay were Investigated. Emphasis was placed
upon developing analytical techniques and methodology, particularly
In the biological phases. The study area Included San Francisco
Bay, San Pablo Bay, and portions of the fairway of the western
channel system to Antloch. Detailed data, on waste discharges
made Immediately before periods when bay water was sampled, were
used to establish the general Interrelationship of waste waters,
receiving waters, and aquatic life.

Analytical data on water quality In San Pablo Bay and
Suisun Bay provide background Information on chemical and blologlca!
characteristics of saline waters which enter the Delta. The
detailed Information on waste discharges Is the major source of
such data for the Delta and Suisun Bay Water Quality Investigation.

Silt Transport Studies . This program, supported by the
U.S. Army Corps of Engineers, provides knowledge of sedimentation
processes, including sources, routes and deposition.

U.S. Bureau of Reclamation

Conductance Recorder Stations . This continuing program
began in late 19^0 and provides for the monitoring of the electrical
conductance of water throughout the Delta and of deliveries to
the Delta-Mendota and Contra Costa canals. Fifteen stations are
monitored continuously during the irrigation season. Certain
stations are discontinued in winter.

Delta Water Quality Study . This study is concerned
with drainage disposal in the Delta, future Delta outflows, fish
and wildlife, future flow distribution in Delta channels, and
probable water yield obtainable from the Delta. Water require-
ments of the counties surrounding the Delta and changes in operatioi
of the San Joaquin Valley stream system are also being considered.
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Federal Water Pollution Control Administration

Water Pollution Surveillance System. Under this co-
operative program, a continuing record of physical, chemical,
radiological, and biological characteristics is obtained from
stations on the Sacramento River at Courtland and on the San
Joaquin River near Vernalis.

Public Health Aspects of Proposed Salt Water Barrier
and Land Reclamation Projects in San Francisco Bay . This study
was conducted for the Corps of Engineers from September 1957 to
April 1961. The effect of various barrier plans upon public
water supply, waste treatment and disposal, solid waste disposal,
barrier pool temperatures, biological nuisance problems, and
insect control were predicted. The San Francisco Bay Model was
used for special studies of waste dispersion.

Delta Projects Study . Short term studies of Delta water
quality problems are conducted for the Bureau of Reclamation.
Their purpose is to provide advice and assistance on water quality
matters under the authority of Public Law 66O, the Federal Water
Pollution Control Act, as amended by PL 87-88. This act provides
for consideration of reservoir storage capacity for water quality
control.

Pollution Problems in the San Joaquin River near Stockton .

The State Water Quality Control Board requested federal assis-
tance to study pollution problems which occur in the San Joaquin
River, near Stockton, during late summer and early fall. Efforts
were concentrated on the environmental aspects of algae and the
associated oxygen relationships.

United States Geological Survey

Daily Sediment Sampling Stations . Data from three sta-
tions (Sacramento, Vernalis, and Tracy) indicate the amount and
general nature of suspended sediment added to cross-Delta flows.

Quality of Surface Water Program . Under this program
records are maintained of chemical analysis, suspended sediment,
and temperature of surface waters throughout the United States.
Annual records have been published since 1941. Beginning in

1950, records have been published in four volumes; each volume
representing a major section of the country. This program
supplements the California Department of Water Resources' Surface
Water Quality Monitoring Program by furnishing additional data.

United States Army Corps of Engineers

Comprehensive Bay Area Studies . Over the years numerous
plans have been proposed for the operation of barrier concepts to

control intrusion of sea water into the Bay and Delta channel
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system. The Corps of Engineers, San Francisco District, conducted
a study to determine the engineering and economic feasibility of
the various alternative barrier plans.

Delta Flood Control and Navigation Studies . These
studies are designed to determine the nature and extent of
federal interest in flood control and navigation aspects of the
State's proposed Delta facilities. Interagency cooperation and
exchange of information relative to these studies is accomplished
through the Interagency Delta Committee.

Sacramento Deep Water Channel Program . This program
started when Delta landowners showed increased interest in the
operation of the Sacramento Deep Water Channel. The program
purpose was establishment of the actual water quality in the
affected areas of the Delta before and after operation of the
channel.

Program of Investigation

Development of a detailed program of study for the Delta
and Suisun Bay Water Quality Investigation was initiated in the
fall of 1961, and considerable effort was devoted to establishing
a solid foundation from which to launch the investigation of the
Delta-Bay complex.

Advisory Committee

An interagency advisory committee was formed whose mem-
bership included representatives from each state agency conducting
programs or having regulatory responsibilities in the area of the
investigation. Included were the Department of Public Health,
Department of Fish and Game, State Water Quality Control Board,
Central Valley Regional Water Quality Control Board, San Francisco
Bay Regional Water Quality Control Board, and the University of
California. The purpose of the committee was to ensure proper
evaluation of currently available data, good use of the knowledge
and experience of other state agencies, and maximum benefit from
the findings and reports to all organizations concerned.

Training of Personnel

As part of the development of professional competence
and experience in estuarine surveys during the initial year of
the program, a basic course covering field and laboratory methods
and evaluation of data in pollution investigations was given to
all personnel involved in the investigation. It was conducted,
at Department request, by the U.S. Public Health Service's
Robert A. Taft Sanitary Engineering Center, at Sacramento State
College from July 25, to August 1, I962.
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Consulting Services

Consultations with Dr. D. W. Prltchard, Chesapeake Bay
Institute^ John Hopkins University, were held in Baltimore,
Maryland, in February I962 and in June 1963. In June 1962,
Dr. Pritchard consulted with Department personnel in Sacramento
on methods for determining the hydrographic characteristics of the
Delta and Suisun Bay. Dr. Pritchard has pioneered in the use of
Rhodamine B dye, visible in distilled water in concentrations of
about 50 parts per billion, which, with suitable instruments, can
be detected at concentrations down to O.O5 ppb. Tracer studies
using Rhodamine B have been successfully used in pollution inves-
tigations in East Coast estuaries and bays. Dr. Pritchard 's

experience was utilized in the investigation where the Department
extended the use of this tracer technique to the highly complex
Delta area.

Consultations with Mr. Sheppard T. Powell, Consulting
Engineer, were held at Baltimore in February 1962 in connection
with industrial water requirements in the western Delta.

Equipment

Two 26-foot steel-hulled boats were leased and equipped
with navigation and testing equipment. Major equipment items
included water and bottom sampling gear, precision temperature
recorders, and fluorometers for use in tracer studies.

Hydrographic Studies

One of the inherent fundamental objectives of any water
pollution investigation is the development of correlations between
quantity and quality of waste discharges, and pollutional para-
meters of the receiving waters. Such analyses require careful
and detailed consideration of the physical and hydrological
characteristics of the receiving waters and are inseparably
related to the resultant water quality found to exist in the
tidal estuary.

The solution to problems of water quality and pollution
in an estuarine environment depend to a considerable extent on
the type and character of the estuarial basins comprising the
investigative area. The amount of fresh water discharged into
an estuary, the degree to which it mixes therein with the salt
water of the ocean, and the mixing and dispersal characteristics
of waste discharges, are major factors in establishing the
hydraulic regimen of the tidal basin. The presence in tidal
estuaries of waters of variable density causes marked differences
in the magnitude, distribution, and duration of the currents
as compared to those of a single density system. It was antici-
pated that the regions of Carquinez Strait, Suisun Bay, the Delta,
Sacramento and San Joaquin rivers, would provide widely different
hydrologlc characteristics, and that different portions of this
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same estuarial basin were well mixed, partly mixed, and highly
stratified for identical conditions of tide and upland discharge.
It was, therefore, a matter of first importance to establish the
type or types of estuaries involved, so as to develop the most
practical and precise methods of examination into the correlation
phenomena of tidal hydraulics and water quality.

Methodology for study of the area of investigation to
determine flushing rates and rates of renewal (dilution), current
velocities, flow distribution patterns, and residence times in
the major channels and waterways of the Delta and Suisun Bay
was required. All these data are necessary to define the circula-
tion and mixing processes in the Delta.

To fulfill the objectives of the investigation, the
following hydraulic studies were selected:

1. Residence time and mixing within isolated sloughs
as they affect the physical and chemical characteristics of the

water.

2. Time of travel and flow distribution in the northern
Delta and major routes of water transfer from the Sacramento and
Mokelumne rivers to the San Joaquin River.

3. Residence time, time of travel, and distribution
throughout the major waterways and channels of the central Delta.

4. Velocity and distribution in the southern Delta
in the vicinity of the cities of Tracy and Stockton.

5. Mixing and dispersion in the lower San Joaquin
River near Antioch to define processes of advection and diffusion
of wastes from the proposed discharge location of the San Joaquin
Master Drain.

6. Tidal mixing, dispersion, and movement in Suisun
Bay and resultant constituent concentrations from wastes dis-
charged at alternative locations.

Initial field efforts were directed toward determination
of hydrographic characteristics of the Delta and Suisun Bay by
means of fluorescent tracer techniques. These dye tracer studies
were conducted in the areas shown in Figure 3 and are listed in
Table 2.

Studies were conducted employing both continuous dis-
charge of dye and instantaneous releases, under various conditions
of tide and fresh water discharge from the Sacramento and San
Joaquin rivers. Dye releases, from instrumented boats, were
followed for different increments of time depending on the nature
of the particular study being conducted. In order to study broad
areas with precision, two boats were equipped with continuous re-
cording fluorometers, and sometimes releases were made simultaneous.
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Water Quality Studies

Studies of the interrelationship of surface water
quality and waste discharge quality were based primarily upon
evaluation of a large amount of existing data from other pro-
grams.

Slugs of high salinity water introduced into the Delta
by periodic discharges of irrigation return waters or by tidal
action provided natural tracers in Delta channels. Although
records are inevitably complex, historical data from 15 recorders
operated by the Bureau of Reclamation and new data from two
Department recorders were studied to determine: (1) hydrographic
characteristics of Delta waterways, and (2) the nature and effect
of agricultural drainage which originates in the Delta.

Preliminary examination of data showing areal distribu-
tion of water types and concentrations of salts indicated when
quality degradation at a particular point was due to sea water
intrusion, local drainage, or both. In order to extend this
analysis throughout the Delta, a limited amount of additional
sampling was required in the area between Middle River and the
San Joaquin River.

A study of parameters and computational procedures for
predicting future mineral composition of agricultural supply and
drainage waters in the Delta was undertaken.

A coordinated program of sampling for pesticides was
pursued, based upon use of model analytical techniques to identify
and measure all of the chlorinated hydrocarbons and many of the
organic phosphates at levels less than one part per billion.

Reports

Office reports on specific technical aspects of the
investigation were scheduled and released as each phase of study
was completed. Preliminary copies were distributed within the
Department and to members of the Interagency Advisory Committee
for review and comment prior to being finalized. This had the
further advantage of disseminating information and knowledge to
those elements of the Department engaged in related studies.
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TABLE 2

HYDRAULIC STUDIES
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CHAPTER IV.

INVESTIGATION METHODS

Previous studies have shown the Delta to be a complex
hydraulic system influenced by fresh water runoff and reservoir
releases, tidal action, and variations in density due to saline
concentrations. Various methods and techniques, some relatively
new to this environment, were employed to assist in the investi-
gation and evaluation of the Delta and Suisun Bay.

Fluorescent Tracers

Use of fluorescent tracers was selected as the prin-
cipal method to determine flushing and dilution rates, current
velocities, flow distribution patterns, and residence times in
the major channels; and to define the circulation and mixing
processes in the Delta and Suisun Bay. This involved the use
of two selected tracers, Rhodamine B and its acid derivative
Pontacyl Brilliant Pink, which had been used successfully in
Chesapeake Bay and other eastern estuaries.

To facilitate efficient dye tracing of broad areas, to
determine tracer distribution, and to obtain detailed profiles,
two boats were fitted with dye injection equipment, sampling
apparatus, and continuous recording fluorometers. A submersible
pump, mounted on a stabilized diving plane (Figure 4) was used
for continuous sampling.

Dye solution was pumped through a diffuser pipe,
generally over one tidal cycle, for the continuous releases.
Instantaneous slug releases were made by dumping dye from a boat
or by pumping it through a submerged discharge pipe during one
channel traverse. The tracer solution was mixed with methanol
to adjust it to the density of the receiving waters. This
allowed complete mixing within a minimum time and avoided
density stratification.

The fluorescence of known concentrations of dye in dis-
tilled water was used to calibrate the instruments. To compensate
for reduced interference from suspended materials, the background
fluorescence of the receiving water was measured before dye injec-
tion and just beyond the limits of the dye cloud after dye injection.
The equivalent dye concentrations of the background fluorescence
were then subtracted from indicated dye concentrations measured
during each test.
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Figure 4. CONTINUOUS TRACER SAMPLING
EQUIPMENT
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The water being sampled flowed through black poly-
ethylene tubing to a lucite flow cell (containing a thermistor),
and to an instrument console similar to that shown in Figure 5*

Since fluorescence decreases with increasing temperature, a

correction factor of 2.3 percent per degree Centigrade was
applied to each tracer observation.

Fluorometric detection of dyes is one of the best
methods presently available for tracer studies, due to the sen-
sitivity of the method, the low cost, ease of handling, and low
toxicity of the dyes.

However, there are specific limitations to dye tracer
applications in the Delta and Bay system. The instruments used
during the study had to be calibrated separately for each dye
(Rhodamine B or Pontacyl Pink), each form of dye (powder or
liquid), and each scale range (30X, lOX, 3X, IX) on each
fluorometer. When discrete samples were collected, rather than
continuous ones, a separate set of calibrations was required.
Background fluorescence in the water of the Delta and Suisun Bay
varied from 0.02 to 0.l8 equivalent parts per billion (ppb) of
Rhodamine B and Pontacyl Pink, when measured on more than oO

separate occasions over relatively short intervals of time and
space. Background variations limited the minimum sensitivity
of detection of absolute dye concentration to the maximum back-
ground fluorescence observed within any specific investigative
area. As with the dye calibrations, natural background fluorescence
varied for each fluorometer. The causes of background fluorescence
were not quantitatively defined during the study.

Early in the investigation, simple field experiments
were conducted to determine whether rigorous studies of adsorption
and decay of Rhodamine B under field conditions were necessary.
Resulting data indicated much greater dye loss when suspended
materials were present in the water. In one test, the dye con-
centration increased after the fourth day, presumably because of
some unknown biological activity. This suggests that, under
special conditions, apparent dye concentrations in Delta waters
may exceed true values.

The most reliable data on dye losses were obtained from
tests in the Sacramento Deep Water Channel where the water con-
tained about 175 ppm chloride and 25 ppm suspended solids. The
total quantities of dye remaining were determined by integrating
the concentration-distance curves, and multiplying these values
by the unit cross sectional weight of water.

For a Rhodamine B release into western Suisun Bay waters
with 2,000 to 10,000 ppm chlorides and 50 to 400 ppm suspended
solids, a decay rate coefficient was found to be only about
three-fourths that found in the Sacramento Deep Water Channel.
The inverse relationship between decay rate coefficients and
chloride concentrations is shown in Figure 6.
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The dye discharged during the studies is a nonconserva-
tive material^ that is^ it decays with time. Therefore^ the
concentrations measured in the field represent those that would
result from a discharge of an organic pollutant^ with a first
order exponential decay rate^ and are represented in Figure 7
by "the observed concentration curve. These values^ after being
adjusted for dye decay by using known decay rates, represent a
conservative material defined by curve n(t). The curve, n(t)
represents a mass-concentration relationship that can be adjusted
to any total quantity of discharge.

The steady state concentration, Cs^ is the sum of the
incremental concentrations resulting from a continuous discharge
of an infinite number of successive slug releases, and therefore,
the integral of the n(t) curve represents steady state concentra-
tion for the particular hydraulic conditions existing during the
period of observation.

San Francisco Bay Hydraulic Model

As part of the comprehensive engineering investigation
authorized by Congress in 1950j construction of a hydraulic model
of San Francisco Bay was begun in 1956. The U.S. Army Corps of
Engineers considers the model to be a scientific tool for engineers
to use for analysis of hydraulic problems that cannot be resolved
from textbooks, experience, or mathematical treatment alone.

The model reproduces to scale the rise and fall of the
tide, flow and currents of the water, mixing of fresh and salt
water, and trends in the disposition of sediments in San Francisco
Bay.

In i960, the U.S. Public Health Service made a series
of dye dispersion tests in the U.S. Corps of Engineers' hydraulic
model of San Francisco Bay. Examination of the data indicated
that the model could be used to predict probable receiving water
concentrations of both conservative and nonconservative constitu-
ents resulting from the discharge of agricultural drainage from
the San Joaquin Valley. Additional tests were scheduled with
releases at the head of Carquinez Strait in both prototype and
model to determine the reliability of model data and to extend
these data.

Although a number of dye dispersion tests already had
been made in the model, there was some uncertainty as to the
ability of the model to duplicate dispersion patterns in the real
estuary. Neither the sign nor the magnitude of error was known,
although the general agreement of model and prototype salinities,
representing dispersion from a point at the Golden Gate, was
encouraging.
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As part of the Delta-Suisun Bay Water Quality Investi-
gation additional tests were scheduled in the model and in Suisun
Bay, to determine the reliability of model data, and to extend
these data to include the effect of changing net model inflow and
drainage discharge at several alternative locations.

The model includes the area of San Francisco Bay from
Napa to Alviso and from the Pacific Ocean to Pittsburg. The
model is equipped with facilities necessary to reproduce and
measure hydraulic phenomena relative to a specific test, such as
tides, current velocities and directions, and salinity. The
rise and fall of the ocean tide and the resulting tidal currents
are reproduced by means of a primary tide generator at the ocean
end of the model and a secondary tide generator at the present
upstream limit of the model, the confluence of the Sacramento
and San Joaquin rivers. Since the conclusion of this investi-
gation, construction has begun on extension of the model to
include the area of the Delta.

Pesticide Detection and Measurement

California uses approximately 20 percent of the total
pesticides nationally consumed, but very little information on
concentrations of pesticides in water throughout the State was
available before 1963. Because of the widespread use of pesti-
cides in agricultural development, it was considered desirable
to obtain information on the space and time distribution of
pesticides in the present environment.

Periodic sampling was initiated at several stations in
the Central Valley and throughout the area of investigation.
Because of the minute concentrations of chemical compounds that
can be detected by the analytical procedures currently used, ex-
treme care was exercised in all steps of sample collection.

Pesticide sampling began late in 19^3 and by the end of

1964 over 500 pesticide samples from about 93 sampling locations
in California had been analyzed. Water, soil, and fish samples
were collected from both fresh and saline waters. Two stations,
Sacramento River at Walnut Grove and San Joaquin River near
Vernalis, were sampled at weekly intervals. Five stations were
sampled at monthly intervals and the remaining stations were
sampled intermittently.

Analytical methods of determining the types and concen-
trations of pesticides in foods and in water have rapidly been
improved. The gas chromatograph enables the identification of
many members of the chlorinated hydrocarbon family of pesticides
and a number of the organic phosphorus group. A sample of sol-
vent containing pesticides is injected into the instrument. An
attached recorder releases a sheet of graph paper from which the
amount and identity of the pesticide in the solvent can be deter-
mined. The gas chromatograph is reported to be able to measure
pesticides to fractions of a part per billion.
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A private laboratory^ working under contract to the
Department of Water Resources^ made pesticide analyses using a

Dohrmann microcoulometric gas chromatograph for chlorinated
hydrocarbons. A gold cell was used with the Dohrmann equipment
to determine thiophosphate concentrations. Thiophosphates
(phosphate compounds containing sulfur) were the only organo-
phosphate pesticides identified by use of the gas chromatograph.

Nearly all of the chlorinated hydrocarbon and thiophos-
phate pesticides can be identified with the microcoulemetric gas
chromatograph (including gold cell), although only 25 were
specifically identified in the Department of Water Resources'
sampling program through November 1964.

Lindane, DDT, DDE, DDD, toxaphene, BHC, chlordane,
dieldrin, and heptachlor epoxide were the most common of the
chlorinated hydrocarbons. Parathion and malathion were the
most commonly found thiophosphate pesticides.

The laboratory contract specified that the pesticides
be identified with an accuracy of plus or minus one ppb for
chlorinated hydrocarbons, and plus or minus 10 ppb for thiophos-
phates. Almost all the water samples contained concentrations
less than one ppb, in terms of maximum total chlorinated hydro-
carbons, so the laboratory was asked to estimate the concentration
of pesticides in parts per trillion (ppt). One ppt would be
0.000008 pounds of pesticide in a million gallons of water.
Pesticides can be identified at these extremely low concentrations
but the amounts are approximate. The sensitivity of the method
is believed to be between 20 and 50 ppt for chlorinated hydro-
carbons and about 20 to 80 ppt for thiophosphates. The accuracy
and precision of the concentrations, reported at concentration
levels less than 5OO ppt, are uncertain because of the extreme
care necessary in the laboratory analysis and the danger of
contamination from a variety of outside sources.

Pesticides are reported to be only semisoluble in water.
Common solubilities of pesticides are in the ppb range, and
maximum solubility cannot always be expected throughout their
chemical transition from one form to another. Investigators
have reported the range of solubilities for chlorinated hydro-
carbons to vary from insoluble, or practically insoluble, for
aldrin and dieldrin, to 10 mg/l for lindane. Organic phosphorus
solubilities were reported to range from slight for EPN to I30
gr/1 for Dipterex.

The type and frequency of observation of various
pesticides distributed throughout California is presented in
Table 3.
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TABLE 3

PESTICIDES DETECTED IN WATERS OF CALIFORNIA

Chlorinated hydrocarbons ThlophosphateT

Compound
: Number of
: times detected^ Compound

Number of
times detected^
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Digital Computer Simulation of Delta Hydraulics and Quality

Exact solutions for direct determination of the flow
distribution and mineral quality in the various branches of the
Delta system do not exist. Practical solutions^ however^ can be
obtained with the aid of physical, analog, or mathematical models.
Physical models and electronic analogs have proven useful for such
problems, particularly where unsteady varied flows are involved,
but both are expensive and require considerable time for construc-
tion and verification. Mathematical models, however, are generally
inexpensive to prepare and problems can be solved rapidly with the
aid of electronic digital computers. The mathematical models have
limitations, but solutions obtained from them can be valuable.

A mathematical model was used to estimate the probable
effect of several operational conditions. The problems to be
solved involved determination of flows in each branch of the Delta
system under selected conditions of supply and demand. Subsequently
with the knowledge of flow distribution and water use, it was pos-
sible to estimate the quality of water at various points in the
system.

Rigorous mathematical formulation of the problem of flow
distribution in the Delta must account for the unsteadiness result-
ing from both variations in inflow and outflow on a diurnal basis
and variations in potential related to tide and river stage.
Although it is possible to write the differential equations which
describe the mechanics of flow under these conditions, there is no
direct solution. Numerical methods of computation must be used.

Water Resources Eingineers, Incorporated has created a
digital computer program to solve this problem. For this program
each channel of the Delta was considered to be composed of a series
of interconnected reservoirs, capable of accumulating flows caused
by the potential differences between reservoirs.

Differences in flow or potential at any point in the
system, such as the tidal fluctuations at the Delta outlet, were
thus propagated from reservoir to reservoir at rates determined
by the system's ability to store and move water. Beginning with
certain assumed conditions at the boundary of the Delta, the
propagation of these differences ultimately approached a repre-
sentation of the time histories of flow or potential in the system,
but did not adequately represent the western Delta quality under
low flow conditions.

Program Development

To develop the program the complicated elements of the
physical system first had to be simplified. The Delta was assumed
to be comprised of a number of channels, each characterized by
length, cross section, roughness, and frictional resistance. The
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location and spacing of channel junctions used in the computer
solution represented real junctions. After the real junctions
were located, the channels between them were divided into segments,
the length of which was selected to minimize numerical instability.

Velocity and discharge were assumed to be constant along
each channel segment. Energy and hydraulic gradients were assumed
to have uniform slopes through the channel connecting any two
junctions.

The solution of the equations governing the flow in open
channels, under the dynamic conditions of tidal wave propagation,
is obtained by a modified Runge-Kutta method using half-step in-
crements. Beginning with given initial conditions, a forward
numerical integration in time was performed. Subsequent values
of head, flow, and other variables, for the entire system at the
end of each succeeding time interval, were obtained from the
numerical integration. A complete dynamic description of the
hydraulics of the system was therefore available for a given
input waveform and stipulated inflow-outflow conditions.

Tidal Input Wave

An analysis was made to determine the most reasonable
form of tidal input wave to use at Pittsburg. The input wave
selected for use was determined by analysis of prototype tides
observed from August 6, to September 4, 1959* The pronounced
skew, observed in actual tide records, was not reflected.
However, the inclusion of this feature would not result in a

significant difference in the prediction of net flows over
extended time periods.

Program Verification

A computer program, no matter how sophisticated, cannot
be considered as a valid solution until it produces results within
acceptable limits, which match the behavior of the physical
system. Care was taken during the program development to test
the program under all possible conditions, to test ability to
produce reflections, and to propagate solitary waves. Application
of the testing process to the real physical system provided a

basis for comparing model and prototype tidal elevations.

Results of these final tests indicate that agreement
in stage was developed at most stations. A maximum discrepancy
occurred at the station representing the Sacramento River at
Sacramento. This fluctuation, a result of model boundary con-
ditions in channels which actually extend beyond the periphery
of the model system, is caused by the poorly reflected storage
conditions above the final program junction.
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The effect of inaccurate starting conditions on the
ability of the model to reproduce prototype tides was determined.
Because correct initial conditions, such as tidal elevations and
velocities are never precisely known, it becomes necessary to
operate the program long enough to damp out all discrepancies
caused by the initial error. At Mossdale Bridge, this period
was approximately 10 hours.

Water Quality Program

Following the hydraulic solution in which net flows in
each of the Delta channels were computed for given conditions of
Delta inflow, export pumping, internal use, and proposed Delta
project operation, a water quality solution was developed. For
a general system of interconnected channels in which the flow
was known, the water quality program determined the steady-state
response to any conservative constituent, assuming complete
mixing at all channel junctions. After forming a mixing equation
for each junction the program solved the resulting set of
simultaneous equations for the unknown concentrations.

The program was developed for use on the IBM 709^ com-
puter, but can be adapted for other machines. The data input
required: the listing of the total number of junctions and
channels in the system, the number of each channel entering a

particular junction, the inflows and outflows at each junction,
the constituent concentration for each inflow, the junction num-
bers at the ends of each channel, and the flow in each channel.

The water quality program used the same inflow, outflow,
export and consumptive use data as the transient flow hydraulic
program, plus the total dissolved solids concentration for all
inflows. The network used for the water quality program consisted
of 191 channels and l40 junctions, in contrast with the 625 channel
and 578 junctions of the transient-flow hydraulic solution program.

The assumption of complete mixing at all junctions was
an approximation, which may depart significantly from a more
rigorous solution, including the effect of tidally induced advec-
tive flow and eddy diffusion. At the time of these studies no
such solution was available.

Water Quality Influence Coefficients

During development of the water quality program for the
Delta, the value of a subroutine to determine the effect of a

change of quality at one junction on the quality at all other
junctions became apparent. The number of times the water quality
program would have to be repeated would be reduced, as would the
total cost of analyzing the Delta by digital computer simulation.
The process of solving the l40 equations of the water quality
program forms a readily manipulated matrix to yield the desired
influence coefficients.
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Because the hydraulic program did not have an input at
every junction, two different conditions of salt input were re-
quired. One condition was used for those junctions at which an
inflow was applied from the input data for the hydraulic program.
The influence coefficients were calculated as concentration fac-
tors resulting from a unit salt concentration; 1 ppm, in the
applied inflow. The other condition of salt input was used for
those junctions at which no inflow was applied in the hydraulic
solution. At these junctions, influence coefficients were
determined for an input of unit concentration, 1 ppm, of a con-
servative salt in a unit quantity of flow, 1 cfs. Influence
coefficients were raported as concentration factors in ppm at
all junctions. The individual coefficients are valid only for
the Delta flow conditions from which they are generated.

The original objective in determining influence coeffi-
cients was to characterize the effect of a unit change in inflow
quality so that corrections could be made by hand computation
when inflow quality changes. The coefficients were for conser-
vative constituents. However, a conservative constituent can
be considered nonconservative with a decay factor of zero, i.e.,
any values developed for conservative materials may be used as
maximums for nonconservative materials.
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CHAPTER V.

RESULTS AND FINDINGS

Previous chapters in this report have covered the
description of the Delta and Suisun Bay, the water related con-
siderations of the area, and the program of investigation. The
goals and objectives of an investigative program for the Delta
and Suisun Bay were established, a work program was developed,
and investigation methods used were outlined. In this chapter,
the results and findings of the investigation are described.

Characteristics of Dead-End Sloughs

Major sloughs in the Delta are feeding areas for
striped bass and are habitat for resident fishes, fur-bearing
animals, and other Delta wildlife. Operation of the Delta
water facilities will have a direct influence and effect on
the physical quality and hydraulic conditions of water in
sloughs throughout the Delta.

As the initial step in determining the magnitude of
influence or degree of any significant alteration in the aquatic
environment caused by construction or operation of Delta water
facilities, information was obtained on the present physical
and chemical conditions in several dead-end sloughs. It was
envisioned that establishment of relationships among present
parameters would serve as a basis for projecting future changes.

The following descriptions of the physical and hydraulic
factors of five Delta sloughs are based on data collected during
field studies. The sloughs studied are closed at their upper
ends and are open to tidal action at their mouths. Figure 8
shows location of the dead-end sloughs studied.

In general, it was found that the quality of water in
dead-end sloughs located throughout the Delta is closely related
to irrigation pumping, agricultural drainage discharge, tides,
and precipitation. During periods of irrigation, the quality of
slough water is generally good. As drainage water is discharged
into the sloughs, quality deterioriates until precipitation
begins to flush the slough and displace the low quality water
into the large channels. Tidal flushing and dilution tend to
improve water quality, except at the upper end of the sloughs
where it is not effective.
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Elk Slough

Elk Slough is located a short distance to the west of
the Sacramento River between Clarksburg and Courtland. Its course
roughly parallels that of the river. The slough varies in depth
from eight to twelve feet, in width from 100 to 200 feet, and

\ is about nine miles long. Its banks are covered by a lush
growth of trees and brush.

The greatest water movement was observed in the lower
half of the slough, and is attributed to tidal action and irri-
gation drainage pumped into the slough by a few small dischargers
and one large reclamation district drain near the middle of the
slough. Information on the hydraulics of Elk Slough was obtained
from two separate dye releases conducted in October I962. These
dye studies, one about two miles above the mouth of the slough,
and the other about six miles above the mouth of the slough, were
in the form of slug injections 45 minutes before higher lower
water slack.

Complete cross sectional mixing was accomplished within
2k hours at the mouth end of the slough while it took 96 hours
near the closed end. The locations and concentrations of the
dye clouds during various periods of observation are shown in
Figures 9 and 10.

The most significant environmental influence in the
slough was tidal activity. The mean tidal velocity was ±1.75
feet per second (fps); the maximum tidal velocity was approxi-
mately ±2.34 fps. Ten thousand feet above the mouth of the
slough tidal flushing produced a 90 percent turnover of the
water in 10 to 20 days. At 30,000 feet from the mouth the
turnover rate, due to tidal flushing, was indeterminate. Cal-
culated limits for 90 percent turnover varied from 26 days to
infinity.

Field analyses were made for dissolved oxygen (DO),
specific conductance (EC), chloride (CI), and water transparency
using a Secchi disc. Samples were collected for laboratory
determination of plankton, suspended solids, and turbidity.

The data indicate that good quality water enters Elk
Slough and is present as far as 3^500 feet upstream. At stations
more than 10,000 feet from the mouth of the slough, irrigation
return flows affect CI, DO and EC values. The chlorides increase
approximately threefold from the mouth of the slough to a point
approximately four miles upstream. Dissolved oxygen values
generally decrease about 50 percent in the same reach.

Laboratory analyses of samples collected indicate that
suspended solids increase from 20 to 25 mg/1 between the mouth and
four miles upstream, to over I70 mg/1 near the upper end of the
slough. Corresponding increases in turbidity were from about 20
to 30 mg/1.

-52-



STATION NUMBER



A plankton analysis of two samples collected indicate
a total of 2,100 organisms per milliliter at the 10,000 foot
station and 320 organisms per milliliter 30^000 feet into the
slough. In both samples the predominant phytoplankton organisms
were pennate diatoms.

Hog Slough

Hog Slough is tributary to the South Fork of the
Mokelumne River midway between Lodi and Rio Vista. It is only
3.5 miles long, and has little to distinguish it from other
dead-end sloughs in the eastern Delta. Depths below mean low
water are generally greatest, l4 feet, near the mouth of the
slough, and become progressively shallower, 2 to 4 feet, toward
the upper end.

A small number of irrigation diversions, varying from
two to four cfs, were made from the slough during the period of
observation. Agricultural drainage was flowing into the slough
continuously throughout the test at a rate of about four cfs.

The mixing and tidal flushing characteristics of Hog
Slough were determined by means of a fluorescent dye tracer study
in November I962. A slug injection was made 15,000 feet above
the mouth of the slough. Only partial mixing had occurred one
day after injection and mixing was virtually complete after two
days. After 30 days, water that had been at the release point
at the time of injection had moved about two miles downstream.

Tidal velocities, resulting from conditions observed
during the study, ranged from a minimum of 0.48 fps to a maximum
of 0.94 fps. Tidal flushing and net positive flow, caused by
irrigation discharges into the slough, resulted in a 90 percent
turnover of material in periods of 5^ to 120 days.

Both field and laboratory tests were used to determine
water quality in Hog Slough. During November and December I962,
field sampling and testing was used to determine DO, CI, tempera-
ture and light penetration.

The water quality data clearly show the effect of agri-
cultural drainage in the upper end of Hog Slough. Return
drainage causes higher chloride concentrations, greater EC
values, and greater temperature fluctuations in the upper end
of the slough. The temperature variations also reflect changing
air temperatures in the upper slough, where depths are less and
more surface area is exposed per unit volume, than near the
mouth.

Water samples taken at three locations for plankton
determination contained: 274 organisms per milliliter at the
mouth of the slough, 1,320 at 13,400 feet, and 667 approximately
15,200 feet upstream. The increasing plankton count in the upper
slough probably was caused by agricultural drainage water.
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Sycamore Slough

During November and December of 1962 studies were con-
ducted in Sycamore Slough, which is about two miles south of Hog
Slough. Sycamore Slough is slightly longer than Hog Slough, but
has a similar east-west orientation. Sycamore Slough extends
eastward about 27^000 feet from its intersection with the South
Fork of the Mokelumne River.

The lower 23:, 000 feet of the slough is an island-laden
channel where depths below mean low water vary from l4 feet near
the mouth to about 2 feet at the upper end. Widths vary from
100 to 600 feet, including the channel islands. There is no
irrigation drainage discharge into this slough but during the
investigation several siphon intakes were observed in operation
at various locations. Estimated demands for irrigation supplies
from Sycamore Slough range from a late summer maximum of 16O cfs
to a minimum of 40 cfs during the winter.

A slug release of fluorescent dye injected into the
slough about 17,000 feet above its mouth at higher low water
slack resulted in fairly thorough mixing after only 22 hours.
Observation of water movement in the slough for a one-month period
following the dye injection showed a definite upstream movement
of water. Results of the study indicate that relatively large
irrigation withdrawals from the slough during the first week of
observation caused the steady upstream movement of water. Dis-
solved oxygen content was quite high and uniform during the first
week. During the fourth week the dissolved oxygen content
dropped significantly. This was probably due to a downstream
movement of water containing very low amounts of dissolved
oxygen. No measurements of the amounts of water diverted for
irrigation were made. During the end of the third week almost
two inches of rain fell on the area and undoubtedly irrigation
withdrawals were terminated which would account for the down-
stream movement of water.

Field measurement of water quality in Sycamore Slough
included determination of chloride and dissolved oxygen content
and temperature. Dissolved oxygen content throughout Sycamore
Slough was relatively high during the first three weeks of sampling.
After that a significant reduction in DO was noted in the upper
end of the slough. At the uppermost end there was practically
a complete oxygen depletion. The reduction in DO substantiated
the conclusion that when irrigation diversions ceased, there
was no longer an upstream movement of water.

Lindsey Slough

Lindsey Slough lies north of Rio Vista and west of the
Sacramento Deep Water Channel. It can currently be classified as
a dead-end slough, but in the early 1980's it will become a con-
necting link between the North Bay Aqueduct of the State Water
Project and the Sacramento River. The slough is about 30,000
feet in length, with a width of 100 to 200 feet, and a depth
below mean low water of 10 to 15 feet.

-55-



In September of 1963 a dye study was conducted to
evaluate the movement of water in the slough during the late
summer. Results of the study showed a steady upstream movement
of water. These results can be attributed to the local agricul-
tural and domestic use of the waters in the slough. There are
periodic diversions from the upper end of Lindsey Slough near
Calhoun Cut, which amount to 1 to 10 cfs. Irrigation drainage
into the slough varies from 1 to 6 cfs.

Mineral concentrations in the waters of Lindsey Slough
were found to be higher than those in the Sacramento River at Rio
Vista. This is attributed to seepage of poor quality ground water
and irrigation return flows. The sluggish circulation of water
in Lindsey Slough, compared to faster movement of the Sacramento
River also tends to lower the quality.

Italian Slough

A cursory investigation of the hydraulic characteristics
of Italian Slough indicated that there was cross contamination
between agricultural waste discharged into the slough and irriga-
tion waters diverted from the slough.

The channel is a little over three miles long and varies
in width from 175 feet near the mouth of the slough on Old River,
to about 75 feet at Clifton Court Road Bridge. The average depth
increases from I8 feet near the lower end to about 4 feet at the
upper end. The slough is located immediately north of the Delta
Pumping Plant of the State Water Project, and along the north-
western edge of Clifton Court Tract.

Very small discharges of agricultural waste water were
observed during the test period in April 1964. Drainage flows
were generally less than 2 or 3 cfs, but contained high concen-
trations of dissolved minerals, specifically boron and nitrate.
The largest irrigation diversion from the slough is at the dead-
end near Byron Road. Here, between 80 and I30 cfs are diverted
during the summer and 40 to 60 cfs during the winter. Mineral
quality of the water in this slough is strongly influenced by
springs that discharge highly mineralized ground water containing
up to 700 mg/1 of boron. The large irrigation diversion at the
head of the slough provides impetus to the water and affords
some protection by allowing dilution water to flow from the
mouth of the slough. Without this flow, highly mineralized spring
waters trapped at the head of the slough would become concentrated
and eventually toxic

.
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Water Transport Across the Delta

Historically, runoff from the Central Valley has flowed
through the meandering maze of Delta channels toward San Francisco
Bay. Except for channel depletions of evaporation, channel growth
evapo-transportation, and diversions for agriculture, the flow
finally found its way to the confluence of the Sacramento and San
Joaquin rivers in the western Delta. Water quality conditions
permitting, water was diverted from the channel for municipal and
industrial uses along the Contra Costa County shore. Except for
the pulsating influence of the tide, the general flow pattern
was similar to that of a funnel where water entering the Delta
from the north, east and south was channeled to the only natural
exit on the western edge of the Delta near Collinsville

.

Beginning in 19^0, water for the Contra Costa Canal, a

unit of the Central Valley Project, was diverted from Rock Slough.
In 1951j water for the Delta-Mendota Canal, another unit of the
Central Valley Project, was diverted from the southern Delta.
There was not sufficient water in the southern Delta for these
two diversions and continued depletion would have allowed saline
water from the Bay to flow into the pump intakes.

To facilitate the transfer of Sacramento River water
across the Delta, the Delta Cross Channel was constructed near
Walnut Grove to connect the Sacramento River and Snodgrass
Slough, a tributary of the Mokelumne River. During periods
of low inflow to the southern Delta it is possible to open the
gates of the cross channel and transport Sacramento River water
across the Delta to feed the export pumps.

A series of fluorescent dye tracer studies were con-
ducted in 1963 to determine the route of water transport through
the cross Delta channels from the Sacramento River at Walnut
Grove to the Tracy Pumping Plant in the southern Delta. Estimates
were made of time of travel, residence time, and flow distribution
through the major transfer routes. The periods chosen for obser-
vation generally coincided with a specific flow regime that could
provide the most complete systems analyses for each area. The
pattern of flow distribution and travel time is depicted in
Figure 11.

Information provided by these studies aided in the
comparison of various concepts of transferring Sacramento River
water through the Delta to export points within the southern
periphery of the Delta.

There are two channels leading from the Sacramento
River into the central Delta. Georgiana Slough branches off
immediately downstream from Walnut Grove and the Delta Cross
Channel is located immediately upstream from Walnut Grove.
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Figure II. FLOW DISTRIBUTION AND TRAVEL TIME
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Georgiana Slough is about 12 miles long and joins the
North Fork of the Mokelumne River near its southern end. There-
fore, all water entering Georgiana Slough from the Sacramento
River finally flows into the North Fork of the Mokelumne River.
Georgiana Slough flows continue on down the North Fork of the
Mokelumne River into the San Joaquin River during ebb tide and
thence into Suisun Bay. During flood tide, the flow from
Georgiana Slough is carried up the South Fork of the Mokelumne
River to Terminous and thence into Little Potato Slough.

Water diverted from the Sacramento River through the
Delta Cross Channel enters Snodgrass Slough and flows south to
enter the Mokelumne River at a point where the Mokelumne River
bifurcates into the north and south forks. The major portion of
this water, usually 80 to 95 percent, flows down the North Fork
of the Mokelumne River. The remaining portion flows down the
South Fork of the Mokelumne River toward Terminous.

A study of the hydraulic characteristics in the lower
Mokelumne River, downstream from Georgiana Slough, determined
that small amounts of Mokelumne River water enter Potato Slough
and Old River; however, there was no definite indication that
water moving down the Mokelumne River crossed the San Joaquin
River and moved toward the Delta-Mendota Canal.

Travel times for water traveling from the Sacramento
River toward Terminous were found to be 27 hours in Georgiana
Slough, 28 hours in the North Fork of the Mokelumne River to
its junction with the south fork, 49 hours in the South Fork of
the Mokelumne River from the junction of Georgiana Slough and
the North Fork of the Mokelumne River, and 102 hours in the
South Fork of the Mokelumne River.

Further studies traced the cross Delta flow from
Terminous. From Terminous water continued south through Little
Potato, White and Disappointment sloughs. Travel time from
Terminous and up the San Joaquin River to Turner Cut during
the 1963 study was 224 hours.

Dye tracer studies conducted south of the San Joaquin
River revealed Turner Cut and the Middle River system as the
primary route of water flowing to the Tracy Pumping Plant.
Water traveled primarily through Turner Cut, Empire Slough, and
Middle River, then crossed to Old River via the canals on both
sides of Woodward Island and Victoria Island. Travel time from
the San Joaquin River was about 65 hours from Turner Cut to
Middle River and an additional 93 hours to the Tracy Pumping
Plant. Results of studies in Old River near Franks Tract indi-
cated that there was no appreciable net flow south to the Tracy
Pumping Plant

.
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The studies conducted in the northern and central
Delta channels provided valuable information on flow characteris-
ticSj but they represent the conditions existing at the time of
each test. Any changes in quantity of perimeter inflows, fluc-
tuations in export demands, or variations in the hydrologic
balance of the Delta would result in an infinite number of
different hydraulic conditions. Mokelumne River hydraulics
depend, in a large measure, on upstream inflow, operation of the
Delta Cross Channel gates, flow in Georgiana Slough, and the
tidal phase.

In summary, it was found that water from the Sacramento
River enters the Delta Cross Channel and Georgiana Slough near
Walnut Grove in its cross Delta journey toward the Tracy Pumping
Plant. Water entering the Delta Cross Channel moves south
through Snodgrass Slough into the Mokelumne River system, most
of its traveling down the north fork. The flows in Georgiana
Slough and the water in the North Fork of the Mokelumne River
merge and the water then travels eastward in the South Fork of
the Mokelumne River toward Terminous. At Terminous, this flow
is joined by the smaller amount coming down the South Fork of
the Mokelumne River and all the water then moves southward in
Little Potato Slough. The Sacramento River water continues
toward the San Joaquin River via the channels of Little Potato
and White sloughs, using Little Connection Slough, Honker Cut,
and Disappointment Slough. Water arriving at the San Joaquin
River via these channels begins a slow net eastward movement
toward and into Turner Cut.

Water flowing down the San Joaquin River from the
vicinity of Stockton joins the Sacramento River water and also
flows into Turner Cut. The southwesterly flow in Turner Cut
travels down through Empire Cut and into Middle River, thence
southward to Old River via the three canals on the north and
south sides of Woodward and Victoria Islands. About one third
of the total flow moves through each canal.

Total travel time for the cross Delta flows between
Walnut Grove and the Tracy Pumping Plant was about 459 hours
or 19 days. This was calculated on the observed movement of
apparent centers of mass of the dye. Some quantities were
probably flowing into the Delta-Mendota Canal as much as two
to four days ahead of the peak concentration. These amounts
could not be detected, however, because of the extent of dilution
and dispersion of the dye mass.

Mixing and Dispersion

Studies of mixing and dispersion were conducted in the
Sacramento River, in the San Joaquin River near Antioch, in
Suisun Bay between Pittsburg and Crockett, and in the various
channel systems of the Delta. Results of these studies were used
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to help define the processes of advection and diffusion of waste
disposal. In addition, the results were invaluable in under-
standing flow distribution and the probable effect of future
operational plans.

Sacramento River near Freeport

The experience gained by using dye as a tracer led to
the conclusion that a conservative tracer would be required to
obtain quantitative results. Heavy water containing tritium
(radioactive hydrogen with half-life of about 12.5 years) was
suggested as an ideal tracer for possible use in future work.
To determine the possibility of using tritium as a surface water
tracer, two dye dispersion studies were conducted in the Sacramento
River near Freeport.

The first study was conducted to determine the distance,
downstream from the release point, where the maximum permissible
concentration of the radiosotope (O.OO3 microcuries per milliliter)
would be reached. Indications from study results were that the
maximum tritium concentration, for an injection of 25 curies,
would fall within permissible limits at a distance of 6OO feet
from the injection point. The study also indicated that mixing
was fairly complete 15,000 feet downstream from the injection
point.

A second, more extensive, dispersion study was con-
ducted to verify the first one, and to better evaluate the mixing
characteristics of the reach under investigation. The second
study showed that at a distance of 5,000 feet from the release
point mixing was not complete. Downstream, 20,000 feet, it was
fairly complete, while 4l,000 feet from the release point essen-
tially complete mixing had taken place.

Continuous observation of dye at a station (Figure 12)
showed the effect of bank friction on streamflow and current
velocities. After the maximum concentration of dye passed the
station, dye concentrations were higher at the sides of the
channel than in the middle.

San Joaquin River near Antioch

In 1964, three dye tracer studies were conducted to
simulate waste discharges into the San Joaquin River in the
vicinity of Antioch. Two of these studies simulated a continuous
release of waste water; the third simulated an intermittent
release during high tide. The primary goal of each study was
to obtain data on increases in constituent concentrations and
determine net movement for net flow calculations.
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Hydraulic conditions affecting the Delta, such as
perimeter inflows. Delta exports, and agricultural water demands,
fluctuate significantly throughout the year and can have a
notable effect on the results of hydraulic studies. However,
fluctuations during study periods were minimal and generally
amounted to less than ten percent of the average flows. Table
4 lists the hydraulic conditions occurring during the 1964
assimilative studies.

TABLE 4

AVERAGE HYDRAULIC CONDITIONS DURING 1964
ASSIMILATIVE STUDIES

Location
Flow in cubic feet per second

May Study : August Study : September Study

Sacramento River
at Sacramento^ 11,780 11,400 13,630

San Joaquin River
at Vernalis^
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1 CHIPPS ISLAND

2 PITTSBURG

3 ANTIOCH

4 ANTIOCH BRIDGE

5 BLIND POINT

6 JERSEY POINT

7 THREEMILE SLOUGH
8 FISHERMANS CUT

9 SAN ANDREAS
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Figure 13. AREA OF INVESTIGATION FOR ASSIMILATION STUDIES OF

SAN JOAQUIN RIVER NEAR ANTIOCH
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The extent of intrusion of material into the Delta was
found to be related directly to hydraulic conditions and primarily
to the direction of net flow in the San Joaquin River past Antioch.

In a study designed to evaluate the conditions necessary
to provide maximum flushing of waste water out of the lower San
Joaquin River, an injection, to simulate a controlled release,
was made beginning two hours before and terminating two hours
after HHW slack. This was planned to take full advantage of
maximum ebb flow to enhance the river's assimilative capacity.
Nearly 50 percent of the dye was lost by the end of the first
tidal cycle, due to tidal flushing on the initial ebb flow
following the injection.

Because of the confined nature of the dye cloud, con-
centrations observed during the study were about 30 percent higher
than expected. In spite of the advantage gained from the initial
flushing action, only a portion of the tidal prism passed the in-
jection point during the four hour release period; therefore,
the tidal prism volume available for dilution during the controlled
intermittent release was only 20 to 30 percent of that available
during the first continuous release. The effect of the tidal
flushing of the initial ebb flow, and the higher net flows, was
partially offset by the reduction in the available tidal prism
dilution volume. Subsequent to the first tidal cycle, mixing
and tidal dispersion proceeded as a naturally uniform function,
dependent on net inflows, tidal prism volume and tidal excursion.

The average extreme tidal excursions in the river
(distance from average location of HHW and LLW centers of mass)
varied from 8.1 miles, at a net flow of 640 cfs when the tidal
flow was 151,300 cfs, to 4.4 miles, at a net flow of -980 cfs
when the tidal flow was 123,600 cfs.

These tidal excursions, and the resulting distribution
of dye in the San Joaquin River on each of the three assimilation
studies are shown in Figure l4. The distribution and location of
the dye, averaged over each period of observation, reveals a

number of factors relevant to an interpretation of local hydraulics.
In addition to the influence of tidal and net flows on the extent
of tidal excursions. Figure l4 also indicates the longitudinal
distribution and concentration of dye under specific hydraulic
conditions. The inclusive areas of maximum influence extend from
Station 2 (river mile 2) upstream to Station 6 (river mile l4).

San Francisco Bay System

A number of dye dispersion tests had been made in the
Corps of Engineers hydraulic model, but there was some uncertainty
as to the ability of the model to duplicate dispersion patterns in
the estuary. Therefore, a series of fluorescent dye tracer studies
were conducted in the prototype to obtain data to define the
ability of the model to reproduce mixing patterns at various net
outflows. Simultaneous current velocity and salinity measurements
were made at Roe Island and Chipps Island. Velocity measurements
were taken over one tidal cycle. Chloride determinations were
made hourly with samples collected at top, bottom, and mid-depth.
Tidal elevations were recorded.
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AVERAGE DYE CONCENTRATION IN PARTS PER BILLION
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Sixteen separate tests, as shown in Table 5^ were con-
ducted in the model at inflows ranging from 1,000 to l6,000 cfs.
Five alternative discharge locations were chosen, and dye was
released over six different time increments. Dye was released
in instantaneous or slug injections, intermittent releases on
ebb tide only, and continuous release of one or 4o tidal cycles.

TABLE 5

HYDRAULIC MODEL TESTING PROGRAM

Test
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5. Differences in concentration patterns
resulting from discharging at selected alternative
locations;

6. Differences in distribution and concen-
tration of conservative and nonconservative
constituents.

Comparison of Prototype and Model . Model verification
test results indicate that the hydraulic model does adequately
reproduce tides^ salinities, and current velocities found in the
prototype at 2,000 cfs inflows, as well as at the Corps of
Engineers original verification inflow of l6,000 cfs. Subsequent
tests, of both model and prototype dye dispersion patterns, con-
firmed the ability of the model to duplicate prototype mixing
at l6,000 cfs inflow. Model dye dispersion tests, at lower
inflows, showed equally satisfactory and consistent results.

Effects of Variations in Inflow . Results indicate
that at higher inflows, greater concentrations of wastes can be
expected at stations below the point of discharge. This is due
to displacement of the effluent field downstream by the greater
currents.

The distribution patterns shown in Figure l6, represent
conditions at four different inflows with the tidal activity of
July 1964. A reduction in concentrations because of increased
flows is apparent upstream from the discharge point.

Figure 17 shows the longitudinal distribution of con-
servative and nonconservative steady-state concentration (Cs)
values at 1,000 and l6,000 cfs. Peak conservative concentrations
decrease about one third as flows increase from 1,000 to l6,000
cfs. Downstream from the discharge point, nonconservative con-
centrations are higher at l6,000 cfs. Essentially identical
patterns of dispersion were observed at most stations in Suisun
Bay, at both extreme test inflows.

Comparison of Concentration Patterns Resulting from
Different Types of Release d Results from three individual tests
conducted at 15,000 cfs inflow, indicate only minimal differences
in steady-state concentrations resulting from release of equal
quantities of dye from various types of simulated waste dis-
charges. The three tests included: discharging continuously
over 40 tidal cycles, discharging intermittently on each high
water ebb flow for 26 cycles, and discharging continuously for
1 cycle. Diffusional processes seem to be within the same
order of magnitude for practically any pattern of discharge.

Absolute concentrations at any specific point and time
for the various releases were generally not equal. This inequality
was expected, and was caused primarily by the differences in
actual quantities of dye remaining in the system after each
tidal cycle.
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Figure 16. DISTRIBUTION PATTERNS OF STEADY STATE CONCENTRATIONS

RESULTING FROM A DISCHARGE AT MARTINEZ AT FOUR DIFFERENT INFLOWS
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Observations generally indicated that the concentration
differentials between the continuous and intermittent discharges
were negligible or nonexistent after 20 tidal cycles. Numerical
integration of the model station history data, of a release over
one tidal cycle, proved the ability of this method to simulate
steady-state concentrations.

Effects of Discharging at Four Alternative Locations .

Figure l8 shows the steady-state concentrations measured at HHW
slack, resulting from the discharge of conservative constituents
at four locations when the inflow was l6,000 cfs. Concentration
discharge ratios, which result from each 1,000 pounds discharged
per cycle, are shown in ppb in the receiving waters.

Differences in areal distribution of concentration
ratios, resulting from moving the discharge point downstream,
are quite apparent, particularly in Suisun Bay. There is little
difference in concentrations caused by discharges from Point
Edith (Figure I8-A) or from Martinez (Figure I8-B). Marked
improvement, 25 percent reduction, resulted in Suisun Bay when
the discharge point was moved downstream near Crockett (Figure
18-C ) . Additional dilution benefits were derived when the dis-
charge point was moved downstream into San Pablo Bay, near
Pinole Point (Figure 18-D). Concentrations in San Pablo Bay
changed very little regardless of the discharge location.

Differences in Distribution Patterns of Conservative
and Nonconservative Constituents . Model results after being
corrected for losses and converted to prototype units, were
modified to represent nonconservative constituents. Concen-
trations of nonconservative constituents were calculated by
using a decay factor of K = 0.1 per day. This value is a

typical reduction rate for biochemical oxygen demand in surface
waters. The resulting time concentration curves were integrated
to steady-state.

Station history curves of nonconservative constituents
discharged at Martinez, with an inflow of l6,000 cfs, indicated
than an equilibrium condition could be reached in about 25 percent
of the time required for conservative materials. For an inflow
of 16,000 cfs, nonconservative concentrations within Suisun Bay
were about 20 to 25 percent of the conservative concentrations
measured there. Values in San Pablo Bay were about 10 percent
of the conservative concentrations.

At 1,000 cfs inflow, nonconservative constituents were
generally about I5 percent of the conservative value in Suisun
Bay, and were 5 percent of the conservative values in San Pablo
Bay.
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Figure 17 shows differences in distribution of conser-
vative and nonconservative concentrations. While conservative
values in Suisun Bay were quite different at the two inflows,
differences in nonconservative concentrations were slight. Down-
stream from Benicia, significantly lower nonconservative concentrat
ratios were observed at 1,000 cfs than at 16,000 cfs. This
condition resulted from the inability of the low flow to displace
large quantities of the nonconservative material into San Pablo Bay

Results from tests at the intermediate inflows of 2,000,
6,000, and 9;iOOO cfs, show similar distribution patterns and are
generally numerically consistent with results from the two extreme
inflow tests.

While discharging at alternative locations apparently
changes the conservative constituents very little in San Pablo
Bay (Figure l8), nonconservative constituent concentrations change
by a factor of between three and five. Moving the discharge
location closer to San Pablo Bay causes nonconservative concentra-
tions to be reduced upstream and increased downstream.

Sacramento-San Joaquin Delta

In the chapter on "investigation Methods" there is a

discussion on the development of a mathematical model programmed
for solution by the electronic digital computer. One of the first
Delta hydraulic conditions to be simulated by the digital computer
program was an inverse estuary or a hypothetical situation of
zero tributary inflows and outflows. Evaporation from the Delta
water surface was taken into account and results in a net upstream
movement of water from Suisun Bay. The purpose was to show the
effect of tidal pumping flow on the interior channel hydraulics.

While a real hydraulic environment, consisting exclu-
sively of tidal flows, does not exist within the Delta, the results
of the solution provide insight into the estuarine processes.
Understanding the influence of tidal flows can be useful to
indicate areas where channel flow might either be increased or
retarded by tidal action.

The direction of net tidal flows throughout the Delta
is shown on Figure 19 . These directions depend on the waveform
and reflect a condition similar to that found in an inverse es-
tuary. Calculations of quantities of tidal flow, derived from
known tidal prism volues, combined with estimated quantities of
inflow and information on direction of flows from Figure 19^ can
be used to determine the direction and magnitude of net flows in
specific channels.

Determination of guides for the operation of the Delta
water facilities under all conceivable conditions could be a study
of almost infinite size and time. Therefore, specific criteria
were chosen and the Peripheral Canal concept was selected as the
basis for investigating probable changes in receiving water quality
under project conditions.
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The periods and conditions selected for study were:

1955 - January-February
July
August

1995 - January-February
May-June
July-August
July-August with the San Joaquin
Master Drain discharging at
Antloch Bridge

September-October
November-Dec ember
November-December at low inflow

(dry year condition)

Data for the 1955 periods were obtained from Department
records^ and calculations were based on available information
concerning agricultural development in the Delta. Quantities
relative to perimeter inflows into the Delta were taken directly
from published reports, and the internal diversions and drainages
were computed, using the hydrologic equation.

By use of the hydrologic equation, mean precipitation
and estimated future consumptive use data were projected to rep-
resent 1995 agricultural practices. A separate drainage calculatio
was made to represent the 1995 dry period. Perimeter Delta inflows
for 1995 conditions were estimated from a 33-year (1922-1954)
median inflow and from the seven-year (1928-1934) mean dry
period inflow.

Program Evaluation . In addition to checking the
ability of the model to reproduce prototype tides, the program's
simulation of 1955 conditions was evaluated to determine areas
of model correlation with observed conditions.

The areas in the prototype which had been characterized
most fully were chosen for comparison. Available data from tidal
cycle measurements and information obtained from dye tracer
studies, were the primary sources of material for computer
program evaluation.

Eight areas were evaluated by comparing flow distribu-
tion equations and determining prototype-model relationships.
The data compare favorably when the method of determining flows
in both model and prototype is considered. Model flows represent
mean monthly values dependent on theoretical criteria; prototype
flows represent instantaneous values derived from flow measurements
over a tidal cycle. While the ratios of model to prototype flow
ranged from O.81 to I.36, an average of 1.11 indicates general
agreement

.
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Mean velo.cities, based on the net quantity of flow and
cross-sectional area, were determined from the computer program
and field dye studies. Comparison of results at five stations
showed excellent agreement.

Present Conditions . Average monthly quantities of
flow into and out of the Delta, which are representative of the
predominant inflows and major diversions of water in the Delta,
are presented in Table 6. The largest single outside demand for
water from the Delta is the exportation by the Delta-Mendota
Canal which begins at the Tracy Pumping Plant in the southern
Delta.

TABLE 6

AVERAGE MONTHLY DELTA INFLOWS AND EXPORTS
1955-64
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The computer program to simulate 1955 prototype hydrau-
lics was considered successful since it produced results comparable
to natural conditions, within the accuracy of field measurements.
Therefore, computer results for the 1955 hydraulic solution were
used in defining present Delta hydraulic characteristics.

Nineteen stations were selected as being most signifi-
cant in terms of Delta flow patterns and were used for analysis.
Absolute tidal velocities and average net velocities for each
station were obtained from the program output.

The average individual channel hydraulics within the
Delta vary seasonally, and depend primarily upon demands created
by the Tracy Pumping Plant and Sacramento River inflows.

Generally, the Delta maintains rather uniform tidal
velocities between the summer and winter flow conditions. However,
in the northern areas, flows in the Sacramento and Mokelumne river
channels are significantly different between January and July. Botl
channels have larger tidal velocities during the winter. This
appears to be a direct result of operation of the Delta Cross
Channel gates.

Average net velocities in individual channels were deter-
mined to be a function of pumping for the Delta-Mendota Canal.
Some velocities varied directly while other varied inversely.
Specific velocities for the two flow conditions could be used to
determine intermediate flow.

Hydraulic conditions within the Delta channels are in
a constant state of flux between the high flow winter period and
the low flow summer period.

Figures 20 and 21 show the average annual limits of
flow distribution patterns as they presently exist in the Delta.
Until a major change alters the hydraulics, the conditions shown
on these two figures will be generally representative of the Delta.
A major change would consist of the operation of an agricultural
waste water drain discharging significant quantities of water at
Antioch, operation of the Delta Pumping Plant and California
Aqueduct, and operation of Delta water facilities to transport
water around the Delta.

Directions and relative distribution ratios can be
obtained from the figures to show seasonal changes which occur in
and around specific areas of the Delta.

Future Conditions . Export requirements of the State
Water Project and the federal Central Valley Project are expected
to cause significant changes in the Sacramento-San Joaquin Delta.
For the purpose of evaluating future conditions, these changes
are combined and simulated in the digital computer model in the
form of a Peripheral Canal concept for Delta water transfer.
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The important features of the Peripheral Canal concept
are: a canal hydraulically isolated from Delta channels to con-
vey water around the eastern edge of the Delta directly to the
export pumping plants of the southern Delta, release points along
the canal route to meet local water requirements for water
quality control and to control the environment for fish, fish
protection works at the canal intake, a controlled outflow for
salinity control, a local distribution system to meet the agri-
cultural needs of the western Delta lowlands; and recreation
facilities along the canal.

The major changes in Delta hydraulics, as envisioned
in the Peripheral Canal concept, will be within the lower
Sacramento and San Joaquin rivers, the Delta Cross Channel,
Georgiana Slough, Mokelumne River, and the Old River-Middle
River system.

The digital computer model, with probable project
operating criteria included, was able to simulate hydraulic
conditions of 1995- Tidal velocities and average net velocities
were determined for January-February and for July-August by the
same methods used to determine present conditions. These data
provide- average limits of seasonal changes expected for con-
ditions in 1995 • The two periods selected represent extreme
hydraulic limits at a few stations where comparisons may be made
between present and future conditions.

Changes likely to occur within the Delta can be better
evaluated by studying Figures 20,21, 22, and 23. Specific areas
-of interest may be irtvestigated with regard to alterations of
Delta flows caused by the proposed Delta facilities.

Water Quality Conditions

Water quality conditions in the Delta and Suisun Bay
can be expected to change with time and with changing environment.
To determine trends in water quality and the manner in which such
quality has been or may be influenced by various seasonal and
climatic conditions, past and present data were collected and
evaluated.

Physical and Chemical Characteristics

Important to this investigation are the historical
seasonal, and geographical variations in water quality within the
Delta and Suisun Bay area. Present and historical values of water
quality constituents were compared by summarizing data from the
Department of Water Resources Bulletin No. 65, "Quality of Surface
Waters in California", for the years 1952 through 1964; the
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Figure 23. DIGITAL COMPUTER SIMULATION OF 1995 DELTA SUMMER FLOW DISTRIBUTION
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Department of Water Resources fo\ir-day chloride sampling program
for 1958 through 1964; and the U.S. Bureau of Reclamation data
from salinity recorders for 1954 through 1964. Other sources of
data were the Sulsun Bay-lower San Joaquin River portion of the
University of California's Comprehensive Study of San Francisco
Bay, and the lower Sacramento River stations which were part of
the Sacramento River Water Pollution Survey.

A limited sampling of l4 surface water stations was
conducted at selected locations from J\ine through November 1964.
Names and locations of all water quality sampling stations
related to the investigation are shown on Figure 24.

Data were collated on both seasonal and geographical
bases for historic (1952-61) and present (1962-64) conditions.
All data from various sources were compared so results would be
consistent. Constituents, when reported as alternative equivalents
were adjusted to equal forms and summarized as weighted mean
monthly or annual concentrations.

Temperature

Water temperature is important in fish migration and
spawning, irrigation, industrial cooling, recreation and waste
assimilation. Review of the available data on water temperature
Indicated that average temperatures for both historic and present
periods changed little, generally only 1 or 2 degrees Fahrenheit
(°F). Maximums have dropped about 4 degrees while mlnimums have
remained constant

.

Water temperatures in the Delta vary throughout the year
with lows occurring In December and January (44°F), and highs in
July, August, and September (78°F). These variations in water
temperature are caused by seasonal changes in atmospheric tem-
perature and other influences such as agricultural drainage,
sunlight intensity, and turbidity.

The present average monthly water temperature during
September, October, and November for stations within the Delta
Is slightly greater than the temperatures recorded for those
monthly in the historic period. Stations on the Sacramento and
San Joaquin rivers showed no change. The higher present tem-
p.eratures within the Delta may be caused by increased agricultural
drainage during the post-irrigation season.

Acidity and Alkalinity

Waters of the Delta were found to be typically alkaline;
most of the pH values are over 7-0. Variation in pH is a function
of both temperature and salinity, and biological activity caused
pH values to be highest during daylight hours.
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The lowest average pH^ over both the ten-year historic
period and the present period was J .2 in Little Potato Slough.
The highest average was I'Q, observed at three stations in the
southern Delta.

No pattern of seasonal variation in pH was noted in the
Delta. However J the waters of the Sacramento River influenced
the pH of Delta waters as far south as a line extending from
Indian Slough to Garwood Bridge on the San Joaquin River. The
average pH in Suisun Bay for the period of record varied seasonally
from a high of 8.0 in June and July to a low of 7.4 in December,
with little or no variation between stations. In Suisun Bay
seasonal fluctuations of pH appeared to be consistent with
seasonal changes of phytoplankton productivity.

Suspended Solids

The Bay and Delta system serves as a retention basin
for sediments from tributary streams which drain the Central
Valley. In the past, much of this sediment resulted from natural
erosion and hydraulic mining. Mud, silt, sand, and gravel, in
large quantities, were washed into the Sacramento River and its
tributaries and carried into the Bay during the period of uncon-
trolled hydraulic mining between I85O and l884. Presently,
sediments are carried into the Delta and Bay during flooding in
the Sacramento and San Joaquin rivers, and are gradually trans-
ported through Suisun and San Pablo bays.

The pattern, volume, and rate of sedimentation in the
bays have been studied since 185O. To supplement and evaluate
data from earlier works, limited sediment sampling was conducted
in the Sacramento River, near Sacramento. Data obtained was
included in Appendix G, "Sedimentation", to the report entitled
"Feasibility of Construction by the State of Barriers in the San
Francisco Bay System", published in 1955-

Dredging to maintain navigation channels and flood
protection projects has altered the natural shape of the channel
bottom. In the Delta and Suisun Bay area, from 1930 to 1955^ an
average of 1,640,000 cubic yards was dredged annually.

Suspended solids in the waters of the Delta are important
since they interfere with the agricultural practice of leaching
and also cause excessive wear on Delta pumps. Data concerning
suspended solids for stations on the Sacramento River at
Sacramento, on the San Joaquin River at Vernalis, and on the
Delta Mendota Canal near Tracy were obtained from the U.S.
Geological Survey.

Sediment inflow to the Delta from I95O though 1959,
was estimated by the U.S. Army Corps of Engineers to be about
8,000,000 cubic yards annually, varying from one percent of the
annual loading in August to I9 percent in February. The estimated
average annual sediment inflow to Suisun Bay from the Delta was
5,100,000 cubic yards. The remaining 2,900,000 cubic yards were
deposited in the Delta or removed by exports and diversions.
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Measurement.s at Pittsburg and Martinez show that sus-
pended material was deposited in Suisun Bay at an annual average
rate of 10 percent of the average influent concentration, with
the greatest deposition occurring in the summer.

Turbidity

The amount of sunlight that can penetrate to a certain
depth in surface waters is of concern since water transparency,
light penetration, or turbidity, each a measure of the clarity of
water, indicate at what depth photosynthetic organisms will
survive, how well organic material might be oxidized, or at
what depth a submerged object can be seen.

Turbidity was measured in the Delta Cross Channel near
Walnut Grove, the San Joaquin River near Vernalis, and in the
Delta-Mendota Canal near Tracy.

The maximum turbidity was 95 units in the Delta Cross
Channel and 69 units in the San Joaquin River near Vernalis.
These values occurred during February. In May, at the Delta-
Mendota Canal station, the value was 78. Minimum turbidities
occurred at all stations in the late fall or winter, between
November and January.

To determine light penetration, measurements were made
with a Secchi disc and recorded as depth in inches. Values
throughout the Delta were generally 10 to 12 inches. Only the
Sacramento River had relatively clear water, with Secchi disc
readings ranging from 24 to 33 inches, and averaging about 28
inches

.

Water clarity at Martinez was about 30 percent greater
than at Pittsburg. The average Secchi disc readings ranged from
8 to 10 inches at Pittsburg, and from 11 to l4 inches at Martinez.
Minimums were as low as 6 inches, and maximums were about 20
inches

.

Specific Conductance

Specific conductance (EC) in the Delta varied annually,
seasonally, and geographically. Annual variations were generally
due to changes in Delta inflow. Seasonal changes were caused by
variation in streamflow throughout the year and agricultural
drainage practices within the Delta. Geographical variations in
EC principally resulted from the influence of the Sacramento
River, which had a low EC, and the San Joaquin River with a

higher EC. The EC downstream from Vernalis generally decreased
as the water became mixed with Sacramento River water drawn into
the central and western Delta. During winter, when there was
practically no demand at the Delta-Mendota Canal, the EC of the
area increased because of the absence of better quality Sacramento
River water. An area of high EC, in the southern Delta between
Vernalis and the Delta-Mendota Canal, was caused principally by
the large quantities of agricultural drainage.
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Data indicate that the Delta Cross Channel near Walnut
Grove had an average of l60 micromhos and the lowest EC for all
periods of record. Antioch, on the lower San Joaquin River, which
was affected by salinity intrusion, recorded 1,070 micromhos, the
highest average reading for the ten-year historic period.

Average monthly specific conductance in the Sacramento
River reached a maximum in September because of low river flows
and high agricultural drainage waters which occur at that time.
A secondary peak during January and February resulted from releases
of highly mineralized drainage flows immediately following maximum
streamflows in the river. The San Joaquin River near Vernalis
recorded maximum conductivity in August and a lesser peak in
April. The high in April was due to lower flow in the San Joaquin
River, caused by operation of storage reservoirs on major east
side streams and agricultural diversions. The high point in
August was caused by low summer flows and upstream agricultural
drainage. Monthly variations in the summer, at Antioch and
Vernalis, were greater during the 1964 supplemental study than
during the historic period, partly due to lower than normal
flows in the San Joaquin River for this period.

Specific conductance in Suisun Bay was monitored in the
1964 study at Pittsburg and Martinez. An average EC of 5^950
micromhos was recorded at Pittsburg and 19,200 at Martinez. Con-
ductivity generally increases in Suisun Bay from east to west
because of salinity intrusion from the ocean.

Total Dissolved Solids

The highest average total dissolved solids (TDS) in the
Delta, from 1952 through I96I, was at Antioch. The ten-year
average of monthly grab samples was 7IO mg/l. An eight-year
average, 1954 through I96I, from the USER recorder at Antioch
was 770 mg/1. The lowest average TDS during the 1952-61 and
1962-64 periods occurred in the Sacramento River above Walnut
Grove with readings of 110 mg/l.

Monthly TDS, in the spring and early summer, were
usually reduced in the southwestern part of the Delta due to
the flow of Sacramento River water through the Delta to the
Delta-Mendota Canal, when the agricultural drainage was at
minimum. The increase of TDS in that area in late summer,
when the pumping demand was high, was due to the sharp increase
in agricultural drainage within the Delta, and on occasion, a

small amount of salinity intrusion. The San Joaquin River near
Vernalis had the highest TDS in July, August, and September,
when river flows were at minimum. Antioch had the highest TDS
in the summer, when flows were low and unable to prevent salinity
intrusion. Seasonal trends in TDS were generally the same for
historic and present data; differences in magnitude were prin-
cipally caused by flow changes.
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Major Cations

Calcluun . Calcium concentrations were found to be lowest
at stations influenced by Sacramento River water. Average his-
torical concentrations in the Delta varied from a minimum of 13
mg/l^ to a maximum of 40 mg/l. The minimum concentration was
found in the Delta Cross Channel near Walnut Grove, and the
maximum concentration was found in Old River near Tracy. The
present three-year average varied from 12 to 47 mg/l. The minimum
and maximum concentrations were found again near Walnut Grove in
the Delta Cross Channel and in Old River near Tracy.

Magnesium . The concentration of magnesium in the Delta
varied from an average ten-year low of 7-2 mg/l, to an average
ten-year high of 24 mg/l. The station at Antioch on the lower
San Joaquin River showed the highest average concentration, and
the minimum was found in the Delta Cross Channel near Walnut
Grove. The three-year present period had a variation in mag-
nesium concentrations from 22 to 6.7 mg/l. The high was found
at Old River near Tracy, and the low was found at Rio Vista on
the Sacramento River. The San Joaquin River at Antioch averaged
54.7 mg/l for July, August, and September. Because sea water
salts are about four percent magnesium, these high readings
indicate the effect of salinity intrusion.

Sodium . The sodium concentration in the Delta varied
from an average ten-year minimum of 6.9 mg/l measured in the
Calaveras River near Stockton to an average ten-year maximum
of l64 mg/l at Antioch. The high three-year present average of
106 mg/l was also observed at Antioch, and the low three-year
average of 6.6 mg/l was found in the Calaveras River.

In the northern Delta, stations affected by Sacramento
River water generally measured less than 20 mg/l of sodium.
The stations along the San Joaquin River decreased from an average
of about 80 mg/l near Vernalis, to about 50 mg/l at Rindge Island.
The two stations along Old River averaged from 47 to 93 mg/l for
all periods of record. These high values were probably caused
by agricultural return drainage. The San Joaquin River near
Antioch had a high in sodium concentration during July, August,
and September. The average for these months was 455 mg/l. The
high concentrations indicate salinity intrusion during the summer.

Major Anions

Bicarbonate . The variation in bicarbonate concentrations
within the Delta, for the historic period, average 174 mg/l in
Indian Slough near Brentwood, to 72 mg/l in Little Potato Slough
at Terminous. The three-year present average varied from a high
of 191 mg/l in Indian Slough to a low of 66 mg/l in Little Potato
Slough. Agricultural return flow was the predominant influence
in the southern Delta area. The concentration in Little Potato
Slough was lower than in the Delta Cross Channel, thereby indicating
that waters of the Mokelumne River were lower in bicarbonate than
the waters of the Sacramento River.
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TABLE 8

SUMMARY OF MAJOR CATIONS AMD ANIONS
IN SACRAMENTO-SAN JOAQUIN DELTA

Station

Cation concentrations In mllllgrains per liter

Calcluni
Haxl-:Mlnl-
main ; mvim

Aver-
age^ muiD

Sodlu
:Aver-:Maxl-:Minl- :Aver-
: age^: mum ; muni : age^

Calcl'ujn'

Maxl-:Minl-;
miuD : mum

T^
Aver-
age'

2iZieslii
iMaxl-lKial-
niun ; muni

lAver-;
mum : mum

:Aver-

Sacramento River at Freeport

Delta Cross Channel near Walnut Grove

Llndsey Slough near Rio Vista

Sacramento River at Rio Vista

San Joaquin River at Antloch

San Joaquin River near Vemalls

San Joaquin River at Mossdale Bridge

San Joaquin River at Garwood Bridge

Calaveras River near Stockton

Stockton Ship Channel at Rlndge Island 50

Little Potato Slough at Tennlnous

Grant Line Canal Tracy Road Bridge

Old River near Tracy

Delta Mendota Canal near Tracy

Old River at Clifton Court Ferry

Italian Slough near Mouth

Indian Slough near Brentwood

Old River at Oraood Bridge

Rock Slough near Knlghtsen

Old River at Holland Tract

Old River at Kandevllle Island

18



Sulfate . Sulfate concentration in the Delta varied from
an average of 10.9 mg/l at Terminous in Little Potato Slough, to
57 mg/l in Grant Line Canal near the Tracy Road Bridge. The maxi-
mum present average of 67 mg/l was found in Old River near Tracy,
and the minimum of 8.3 mg/l was in Little Potato Slough. The
average concentration in the San Joaquin River near Vernalis
was between 40 and 50 mg/l, which was 10 mg/l lower than concen-
trations in Old River near Tracy, indicating the influence of
local irrigation.

Chloride . Calaveras River near Stockton had the lowest
average chloride concentration, 7*5 mg/l, for the historic period
of record. The high average concentration of 262 mg/l was found
at Antioch. During the present period the low average, 6.6 mg/l
was also in the Calaveras River. The high average for the present
conditions, 173 mg/l^ was at Antioch. Results of the June-Novembei
1964 study showed the same general trends of high and low concen-
trations, over 1,000 mg/l at Antioch and 20 mg/l in the Sacramento
River near Walnut Grove. The concentrations which were observed
in the 1964 study were higher than average because the sampling
was done primarily during the period of low flows and maximum
agricultural returns.

Monthly values of CI and EC in the Sacramento River
generally were maximum during February and September. February
maximums were caused by operation of upstream agricultural drains;
September maximums by minimum river flows and general agricultural
practices. The seasonal variation in the San Joaquin River near
Vernalis was much the same for EC and CI. Like EC, CI was the
highest during August at Antioch, due to salinity intrusion.
Present and historic seasonal trends in average CI concentrations
were generally the same. Lower values for the present period
were caused by higher than normal river flows in 19^3^ which
somewhat impeded salinity intrusion. Concentrations found during
the 1964 sampling were higher than average because the net flow
past Antioch was upstream in the summer of 1964.

The chloride concentrations in Suisun Bay, determined
during the investigation by the University of California, varied
from an average of 1,200 mg/l at Pittsburg, to 6,650 mg/l at
Martinez. The average concentrations found in 1964 at Martinez
and Pittsburg were 7,78o and 2,570 mg/l.

Boron

The highest average boron concentration for the historic
period was measured in Indian Slough near Brentwood at O.90 mg/l.
Indian Slough was also highest for the present period, with an
average concentration of I.18 mg/l. The high surface water boron
concentration in this area was caused by irrigation drainage from
ground water with high boron concentration. The lowest average
concentration, O.O6 mg/l, for the historic period was at the Delta
Cross Channel. The minimum for the present period, O.O3 mg/l was
in the Sacramento River at Freeport. The average concentration
throughout the Delta was less than O.3O mg/l, except in the
Indian-Italian Slough area.
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Total Hardness

Total hardness in the Delta, reported as CaC03, varied
from an average minimum of 58 mg/l in the Sacramento River near
Freeport, to an average maximum of 188 mg/l in Indian Slough
near Brentwood. The lowest average concentration of 57 mg/l
during the present period was measured in the Delta Cross
Channel. The highest present average was 197 mg/l observed in
Old River near Tracy.

The water at the three stations in the Sacramento River
and Little Potato Slough, can be considered soft because the
highest average concentration was only 69 mg/l. San Joaquin
River water is considered moderately hard to hard. It has an
average concentration of I50 mg/l at Vernalis, and II8 mg/l in
the Stockton Ship Channel at Rindge Island. The Grant Line
Canal and Old River near Tracy had concentrations of I70 and
197 mg/l. The central Delta, influenced by the Sacramento River
water as it travels to the Delta-Mendota Canal, is considered
moderately hard because concentrations were near 100 mg/l.

Water in the San Joaquin River at Antioch was high in
hardness during July, August, and September. Total hardness con-
centrations in Indian Slough, Rock Slough, and Italian Slough
were high during the winter. These three sloughs also had high
concentrations of calcium, magnesium, and bicarbonate during the
winter.

Mineral Characteristics

Studies of the interrelationships of surface water
mineral quality in the Delta were based primarily upon an evalu-
ation of a large amount of existing data on inflows, agricultural
drainage, salinity intrusion, and base-exchange capacities of sus-

pended solids. An analysis of the mineral characteristics often
indicates the source of the water found in a particular channel.
Historical data were studied to determine areal distribution of
water types, seasonal variations of mineral concentrations, the
effect of fresh water-sea water interchange, and base-exchange
reactions and related phenomena.

Physical and chemical data already presented were used
to develop correlations among seven separate constituents and
specific conductance at 34 stations in the Delta. These correla-
tions indicate water types, seasonal and geographic variations
of perimeter inflow qualities, influence of quality degrading
forces, and general distribution of individual chemical charac-
teristics related to the total dissolved mineral content.

Numerical values of the correlations can be applied to

present and future conditions when flow distributions are known.
For example, when correlation ratios are known, measurements of
EC can be used to estimate concentrations of Ca, Mg, Na, CI, SO4,
hardness, and TDS. These data make it possible to establish a

reasonably complete monitoring program for mineral constituents
based only on EC measurements.
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Sacramento River water was determined to be of a

typically calcium-magnesium-bicarbonate type, while San Joaquin
River and western Delta waters were of a sodium-sulfate-chloride
type. The effect of each river system on Delta hydraulics can
be evaluated by noting the influence of each type of water on the
different areas in the Delta and having a knowledge of the
chemical components of the various waters.

The general composition of the waters of the Delta
indicates that Sacramento River water influences southern and
southwestern channels from April through July. During that
period, Sacramento River waters also influence the central Delta
at Mandeville and Orwood when salts from the San Joaquin River
and the bay are not predominant.

To define the tidal diffusion processes, tidal cycle
measurements have been made and analyses conducted to determine
the extent of salinity intrusion in the Delta channels.

Data from the coordinated USBR-DWR four-day chloride
sampling program show that before Shasta Dam was in operation,
chlorides usually intruded to Antioch in concentrations of 1,000
mg/l or higher for approximately 28 percent of each year. Sub-
sequent to operation of Shasta Lake the period of intrusion was
reduced to 15 percent of each year.

Ratios of constituents to various counterpart cations,
or anions, can be used to characterize water types and movements.
The ratio of calcium to magnesium equivalents per million (epm)
for natural inland surface waters range from about five to as
low as one. The calcium-magnesium ratio of sea water is approxi-
mately 0.20. Therefore, a low value for this ratio theoretically
indicates salinity intrusion.

The Ca/Mg ratios in the Delta ranged from 1.5 to 1.0 and
were generally lowest during the period of maximum intrusion,
August through October. Maximum intrusion usually occurs during
August. As would be expected, data indicate that ratios were
lowest at Antioch, O.36 to O.oO.

Pesticides

The use of pesticides during the last 20 years has
made possible increased production of food, higher quality food-
stuffs, reduction in livestock losses, improved control of
disease-carrying insects, broader protection of forests and
desirable plant growth, and a more comfortable way of life. At
the same time, data resulting from studies of specific pesticide
eradication and control programs show evidence of increasing
environmental contamination from pesticide residue.
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In i960, a special committee reported to the Governor
on the public policy regarding agricultural chemicals. The
committee stressed the beneficial role of pesticides in California's
agricultural development, but also pointed out some of the
hazards associated with the use of these materials.

Pesticides are found in practically every segment of
man's natural surroundings. They have been detected in surface
and ground waters, soils, air, many food items, clothing, fish
and animals. Undesirable side effects have resulted at times
from pesticide applications to farm lands, forests, lakes and
urban areas, including: fish kills, reduction in game bird
population, contamination of edible foodstuffs, and poisoning
of game animals.

The characteristics that make pesticides useful and
effective also make them potentially dangerous. Most of the
pesticides are highly toxic in concentrated amounts. They are
designed to kill or upset the metabolism of living organisms.
Chlorinated hydrocarbons are resistant to biodegradation and
tend to become concentrated in food chain organisms.

During this investigation, practically every type of
surface water was analyzed for pesticide materials. Rivers,
lakes, bays, estuaries, irrigation diversions, and agricultural
drains were sampled at various locations throughout the State.
Average MCHt (maximum total chlorinated hydrocarbons) were
generally below O.3O ppb (parts per billion) in the streams and
bays, and varied between O.3O and 1.00 ppb in canals and drains.

Concentrations of thiophosphates were not sufficient
for qualitative detection at most of the surface water stations.
Some thiophosphate insecticides were found in agricultural
drains

.

Within the immediate area of investigation for this
study, the Sacramento-San Joaquin Delta, l45 pesticide samples
were collected and analysis showed pesticide concentrations
ranging from 2.70 ppb to 0.02 ppb, with an average MCHt of O.18
ppb. Table 9 shows pesticide concentrations in various portions
of California.

Weekly samples collected at Vernalis and Walnut Grove
indicated that MCHt concentrations were about 70 percent higher
in the San Joaquin River. Definite seasonal trends were ob-
served at both stations with summer values approximately 2.5 and
4 times as high as winter values in the Sacramento and San
Joaquin rivers.

Thiophosphate concentrations averaged 0.01 ppb at Walnut
Grove and 0.04 ppb at Vernalis. These residues were first detected
in March 1964 and persisted until September 1964. Thiophosphates
were not detected during the winter at either station.
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TABLE 9

PESTICIDE CONCENTRATE ONS IN CALIFORNIA
OCTOBER 1963 - DECEMBER 1964

Source of Samples

Nujnber : Maximum total chlorinated
of : hydrocarbons J in ppb

Samples ; Maximum ; Minimum : Average

Central Valley Streams 35 I.09 0.02 O.I8

Central Coastal Streams 13 O.6O O.06 O.I9

Sacramento-San Joaquin Delta l45 2.70 0.02 O.18

San Francisco Bay System 30 O.7O O.O3 O.I5

Lakes in California 22 O.7O 0.04 0.21

Central Valley Canals 37 O.3O 0.02 0.11

Imperial Valley Canals 19 O.9O O.O3 O.36

Agricultural Surface Drains 64 7-20 0.86

Tile Drainage (San Joaquin) l4 3-00 O.O5 O.60

Tile Drainage (Imperial) 11 0.35 O.O8 0.l4

Bottom Sediments 59 l46o trace 220

Persistence and Occurrence in Sediments . Sediment
samples were collected at a number of stations in the San Francisco
Bay system, the San Joaquin Valley, and the Imperial Valley.

Because different percentages of dry ma
countered, special attention was placed on the me
concentrations. At the laboratory, the samples w
and chromatographed, and concentrations were repo
of pesticide per billion parts wet sediments. A
fraction of the sample was dried and the moisture
mined. The concentrations were then calculated a

billion parts dry sediment. The sediment samples
times the concentration of the surrounding waters
ranging from l460 ppb to a trace, with an average

terial were en-
thod of reporting
ere extracted
rted as parts
representative
content deter-

s parts per
contain many

, with results
of 220 ppb.

Preliminary investigation of the samples and results
indicated that the chlorinated hydrocarbon pesticide concentrations
were somewhat related to the sediment particle size. The highest
concentrations were generally found in the mucks and highly
organic materials, while the lowest values were associated with
larger grain sizes, such as fine to coarse sands, and other in-
organic materials.
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TABLE 10

PESTICIDE CONCENTRATIONS IN FISH SAMPLES
(SPECIES CORVINA) FROM SALTON SEA^

AUGUST - SEPTEMBER 1964



Residual Concentrations In Aquatic Organisms . A sam-
pling program was conducted in Suisun Bay and in the Salton Sea
to determine pesticide concentrations.

Fish samples were collected from the Salton Sea and from
Suisun Bay. Small fish, shrimp, and net plankton were composited
by age group and species to form a sample large enough for analysis
Fish tissue and eggs were obtained from larger individuals and
analyzed separately.

Because thiophosphate compounds are readily metabolized
to compounds that cannot be detected by the analytical techniques
used, only two fish samples were examined to determine if non-
metabolized thiophosphates were present. None were detected.

Results of analyses of aquatic organisms sampled
from the Salton Sea and Suisun Bay are shown in Tables 10 and 11.

From the limited number of samples analyzed there was
some association of concentrations with the age and size of the
fish, and as previously documented, analysis showed that there
is a tendency for successive concentration of chlorinated hydro-
carbons in higher food chain organisms. The listing order from
plankton to striped bass, as shown in Table 11, shows the
successive positions within the food chain. There is an apparent
relationship between concentration and position, and between
concentration and the age of the organism.

Nitrogen and Phosphorus

While concentrations of nitrate in domestic water sup-
plies are of public health significance, the primary interest in
concentration levels of nitrogen and phosphorus in surface waters
concerns their role in providing food for aquatic life. Both
are essential for the growth of lower forms of organisms and
hence are fundamental to the nutrition of fish.

Nitrogen and phosphorus constituents were determined
from the Department's surface water quality program and these
data were supplemented by a special sampling program conducted
during this investigation so that the total series could be
evaluated. Nitrogen compounds occur in water in four forms,
each of which should be measured to get a true picture of the
total nitrogen content. In the supplemental work, the individual
constituents of organic, ammonia, nitrite, and nitrate nitrogen
were determined. In the case of phosphorus, water samples were
analyzed for ortho, poly, organic, and total phosphate and were
reported as phosphate.
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Nitrogen . The progression of normal events causes con-
centrations of nitrogen, present in the organic fornij to be
converted first to ammonia, then to nitrite and finally to
nitrate. In waters containing relatively recent pollution,
nitrogen will be present in the organic and ammonia forms.

For comparison, data have been grouped into three
categories: historic, 1952 through I96I; present, I962 through
1964; and supplemental, which includes data from a sampling pro-
gram conducted as part of this investigation during the summer
and fall of 1964. All values are reported as nitrogen.

The highest average concentration of nitrate during
the historic period, 2.5 mg/l^ occurred in the Stockton Ship
Channel at Rindge Island. The lowest average value of nitrate,
0.4 mg/l, occurred in the Sacramento River at Freeport. The
inflow at Vernalis had an average concentration of 1.8 mg/l.
Downstream in the San Joaquin River, concentrations increased
to 2.1 mg/l at Garwood Bridge and to 2.5 mg/l in the ship
channel. The Sacramento River water mixed with the San Joaquin
River water before it reached Antioch and reduced the average
concentration to 1.0 mg/l at Antioch.

The export water at the Delta-Mendota Canal contained
an average nitrate concentration of I.3 mg/l during the historic
period. The influence of Sacramento River water being transported
across the Delta to the Tracy pumps was noticeable as the nitrate
concentration at the Delta-Mendota Canal was lower than in Old
River at Orwood Bridge.

Phosphorus . Average concentrations of orthophosphate
for May and September, from 1952 through I96I, and I96I through
1964, were analyzed. From these data, it was determined that
the general level of orthophosDhate throughout the Delta from
1952 through 1961 was between 0.20 and 0.40 mg/l.

The maximum average concentration of orthophosphate,
0.99 mg/lj occurred during the historic period at Garwood Bridge.
The minimum average value of 0.I7 mg/l occurred at Antioch.
The maximum concentration was probably caused by the Stockton
treatment plant discharge which contained an average of 12.0
mg/l of phosphate. The minimum value was a result of the aquatic
organisms' metabolization of the phosphate as it moved through
the Delta. This is indicated by the decrease in concentration
in the San Joaquin River water as it continues past Stockton.

During the 1962-1964 period, the maximum average ortho-
phosphate was 1.10 mg/l at Garwood Bridge. The high value was
again the result of wastes discharged in the Stockton area.
Minimum average for the present period in the Delta was 0.10
mg/l at the Mandeville Island station.
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Data collected on phosphate concentrations during this
study Included organic and total phosphate as well as orthophos-
phate. Total phosphate concentrations consist of organic and
inorganic constituents. The inorganic form can be further reduced
to compounds of polyphosphates and orthophosphates. Polyphosphates
hydrolyze in solution and change to the ortho form.

Oxygen Concentrations

Maintenance of desirable fish and aquatic life depends
to a significant degree on dissolved oxygen (DO) concentrations.
Furthermore, dissolved oxygen contributes to the potability of a

domestic water supply, assists in stabilization of organic
materials, and enhances recreational activities.

The DO concentrations throughout the Delta are generally
good, but there have been localized problem areas. In many
sections of the Delta, with the possible exception of the western
areas near Antioch, DO levels at various times have approached
the 5*0 mg/l minimum concentration recommended for sustaining
desirable fish populations. The worst problems have occurred
near Stockton in the San Joaquin River and near Tracy in Old
River.

Historic data (1952-I96I), present data (1962-1964),
and supplemental data collected during this investigation display
similar trends and temporal fluctuations for most stations in the
study area. The greatest deviation between data was found by
examining the percent saturation values for the station near
Vernalis on the San Joaquin River.

The stations most affected by influent river waters
usually have the lowest DO concentrations between August and
October. Internal Delta stations display relatively high DO
levels during the summer and low DO levels in winter.

The lower DO values observed throughout the internal
Delta during the winter could be the result of decreased flows
toward the Delta-Mendota Canal, increased agricultural drainage,
and reduced photosynthetic oxygen production resulting from the
lower water temperatures. The low DO values found at perimeter
stations during the fall probably result from lower flows and
increased waste loadings from agricultural drains and from cannery
wastes discharged from municipal areas.

The most extensive sampling program for biochemical
oxygen demand (BOD) concentrations conducted within the Delta
was made by personnel of this investigation during 1964.

As with DO values, the 5-day 20°C BOD at Walnut Grove
varied with stream flow and waste loadings from the Sacramento
treatment plant. Sacramento River inflow to the Delta carried
average BOD concentrations of 2.2 mg/l, while San Joaquin River
flows had higher concentrations of BOD (almost 5 mg/l)- Wastes
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from the vicinity of Stockton added oxygen demand to the river
flows, and resultant concentrations of BOD were 4.4 and 1.4 mg/l
in the ship channel near Stockton and Turner Cut. Throughout the
remaining areas of the Delta, BOD concentrations were generally
between 1.0 and 1.3 mg/l.

Values near Pittsburg and Martinez indicated that sig-
nificantly large organic loadings were being discharged into the
receiving waters. On the average, concentrations increased from
1.0 mg/l at Antioch to 1.9 at Pittsburg and 2.3 at Martinez.

Digital Computer Simulation of Delta Mineral Quality

A mathematical model of the Delta channel system and an
electronic digital computer were used to determine mineral quality
relationships.

The water quality solution was based on the hydraulic
solution in which net flows in each Delta channel were computed
for given conditions of Delta inflows, export pumping, internal
water use, and projected Peripheral Canal operation.

Mineral data collected since 1952 show that generally
significant changes have not occurred within the Delta and present
(1962-64) quality characteristics are not much different from
historic (1952-61) conditions. Because no major physical changes
have occurred to alter the natural hydraulic conditions through-
out the Delta, the results of the 1955 digital computer solution
for water quality basically represent present conditions.

Data Application and Program Evaluation . Mineral quali-
ties of perimeter inflows of the Sacramento, San Joaquin, Mokelumn<
and Calaveras rivers were determined from historic data and
relationships were developed for flow vs total dissolved solids
(TDS). Relationships were subsequently checked with 1955 data to
verify the accuracy of the general concept and were essentially
found to be consistent for all ranges of conditions with maximum
deviation at the lower flows.

Concentrations of minerals in Delta agricultural return
drainage for 1955^ were determined by a study of drainage from
the Delta lowlands. Quality data on municipal and industrial
waste discharges throughout the Delta were taken from Department
records and information provided by the Regional Water Quality
Control Boards.

Since present surface water qualities were known, the
purpose of the program was to determine present hydraulics and
provide data with which to define the ability of the model to
reproduce Delta quality conditions.
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Three distinct hydraulic and water quality conditions
were simulated through the model and are shown on Figures 2^, 26,
and 27. The periods, January-February, July, and August of 1955
were chosen to provide a range of conditions that could be checked
against prototype data. Twenty-four stations, selected for
evaluation without regard for location, were used to make a com-
parison of model and prototype TDS concentrations. The only
criteria used for station selection were availability and adequacy
of prototype data.

The most consistent comparisons were obtained at
stations where continuous, or at least long-term, records had
been maintained. The input flow calculations, based on mean
monthly conditions were more consistent with mean monthly
qualities than with short-term or grab sample results.

The January -February data show that 50 percent of the
results of the model simulation compare favorably with prototype
values. The remaining stations are less consistent because of
the inability of the model to reproduce prototype mixing patterns
and inadequacy of prototype sampling results. In simulating
July conditions, the model reproduced about two-thirds of the
prototype qualities.

For prolonged salinity intrusion, mineral concentrations
in the western Delta approach steady-state levels. These levels
generally reach a maximum in August or September when ocean' salts
continue to move upstream as Delta outflows are reduced. This
situation becomes quite apparent when comparing the results for
August. Approximately 60 percent of the stations sampled in the
prototype in August 1955 were influenced by salinity intrusion.
Except for results from one station affected by poor flow distri-
bution, data indicated consistent comparisons at the remaining
sampling stations.

The data show that while the model did not simulate the
salinity intrusion that occurs during periods of low or reverse
flows near Antioch, excellent agreement was obtained in areas of
positive net flow downstream where tidal diffusion of ocean salts
was either nonexistent or slight.

Water Quality Degradation

Degradation of water quality occurs through both
natural and man-made processes. The life cycle of aquatic
organisms, surface water runoff from cities and forested areas,
sediment transport by flood water flows, biochemical cycles,
and contamination by highly mineralized surface or ground waters,
all contribute to the transformation of good quality water into
water unsuitable for one or more beneficial uses. Sources of
degradation throughout the area of the investigation primarily
Include municipal, industrial, and agricultural wastes, salinity
Intrusion, and connate waters.
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Figure 26. DIGITAL COMPUTER SIMULATION OF JULY 1955 DELTA WATER QUALITY
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Municipal and Industrial Wastes

Waste waters resulting from a population of approxi-
mately Ij 500, 000 and their places of employment and associated
supporting industries, are discharged into the surface waters
of the Delta and Suisun Bay. These discharges are presently a

primary source of water quality degradation. Their analysis
and evaluation provide the basis on which predictions can be
made to determine the quantities and qualities of future wastes.

The area of investigation was divided into four smaller
areas, the boundaries of which were established on the basis of
local geography, hydraulics, and location of waste discharges.
These areas are illustrated in Figure 28.

Available data for present conditions were collated and
a best value of several different constituents was determined for
each discharge. Wastes vary because treatment methods, loadings,
and controls are all subject to change based on new techniques,
seasonal variations, and local pollution problems. The best
value selected represents average conditions and should be used
accordingly.

Wherever data for major discharges were not available,
estimates were made using acceptable average discharge character-
istics. Projections of future conditions were based on growth
factors for both population and industries. In view of the
variation in possibilities, future treatment methods and efficien-
cies were not estimated. Projections are based on present
treatment practices.

Recreation Activities . There are about 100 small
resorts and boat harbors scattered throughout the Delta. The
resorts range in size from a boat dock to a 175 unit hotel with
swimming pool and restaurant. A slightly larger than typical
resort may have a bar and restaurant for 25 people. Many Delta
resorts use septic tanks which discharge directly into the
water. Because of the wide distribution of resorts, the dis-
charge normally has little detrimental effect on the Delta,
although water in the immediate vicinity of a resort may have
a high coliform count, indicating a degree of pollution.

It is estimated that by 1995j use of the Delta for
recreation will increase from the present 2,800,000 visitor
days, to almost 8,000,000. It is expected that waste loadings
associated with these visitors will continue to be distributed
over a large area and only very localized problems are likely
to occur.
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Processing of Asparagus . There were approximately l40
asparagus packing sheds in the Delta in 196O, with about I30 of
them located in the southeastern area. Butts and culls, trimmed
from asparagus, are ground and discharged directly into Delta
water channels, agricultural drains for later pumping into these
channels, or are spread on the land. Because of seasonal fluc-
tuations and a lack of reliable information regarding the waste
quantity and quality, these packing sheds were not included in
the waste projections.

Asparagus wastes discharged to land created no water
quality problem. Wastes discharged into agricultural drains were
difficult to evaluate because the material often remained in the
drains for periods as long as one month. During this time the
drains act as stabilization ponds and wastes are partially oxidized
before being pumped into the Delta channel. At least seven packing
sheds ground the waste and discharged directly into Delta channels
for a few weeks in April and May during the I963 packing season.
Calculations indicate that a tremendous BOD loading was placed on
the surface waters; however, no detrimental effects were noted.

Quantities and Qualities of Present Waste . The results
of the inventory of total wastes discharged in various areas by
the different municipal and industrial entities are summarized in
Table 15 . Of the 54 discharges throughout the area of investiga-
tion, 32 are located in the western Delta or Suisun Bay. The
City of Sacramento is the largest single discharger.

The Sacramento Southeast Sewer Assessment District has
not been included in this inventory. Their treatment plant
began discharging approximately two cfs late in I963 and no
quality data were available. Tertiary treatment is provided
by the plant and an estimate of 1,000 pounds per day of BOD, or
less than two percent of the present loading in the northern
Delta, seems reasonable.

The Thornton Canning Company, with a flow of up to
4.6 cfs during the canning season (July to October) is a major
discharger in the northern Delta. Cannery wastes flow through
27 acres of ponds, then through drainage ditches to the Mokelumne
River at New Hope Landing. Percolation and evaporation affect
the effluent quantity and quality.

Channel hydraulics greatly limit the waste assimilative
capacity of the southeastern Delta making this area of special
concern. It has the highest degree of sewage treatment. The
City of Stockton discharged an average of 20 mgd, or over 68 per-
cent of the total waste volume discharged within the area. The
Stockton treatment plant afforded secondary treatment, plus oxida-
tion ponds, and reported more than a 95 percent removal of BOD.
In the southeastern Delta, an estimated average overall BOD
removal rate of 89 percent was maintained. Present treatment
methods are ineffective, however, in reducing the nitrogen content
of sewage and this is of major concern.
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TABLE 15

MAJOR MUNICIPAL AND INDUSTRIAL WASTE DISCHARGES IN DELTA AND SUISUN BAY

Map
No.s

Type of
Waste :(mgd) : (cfs)

BOD
(mg/l) : (lb/day)

Northern Delta

1 West Sacramento Sanitary District
2 City of Sacramento
3 Meadowview Sewer Treatment Plant
4 Sacramento SE Sewer Assessment District
5 American Crystal Sugar Company
6 City of Courtlandb
7 City of Lockeb
8 Walnut Groveb
9 Thornton Canning Company
10 City of Isleton
11 City of Rio Vista

Southeastern Delta

12 Sharpe General Depot^
13 Stockton AlrfieldD
14 City of Stockton
15 Naval Supply Depotb
16 Lincoln Village, Pacific Garden
17 City of Lodi
18 Stockton Northwest Plant
19 Llbby Owens Ford
20 Tracy Devel Vocational Instltuteb
21 Tracy, Industrial Waste Disposal
22 City of Tracy

Western Delta

23 E. I. duPont
24 PG&E Contra Costa Steam Plant
25 Fibreboard Pulp Mill, S.J. Div.
26 Crown-Zellerbach Co., Inc.
27 Kaiser Gypsum Co., Inc.
28 City of Antloch
29 Hlckmott Canning Company
30 Fibreboard Board Mill, Antioch Div.
31 Western California Canners, Inc.
32 Ethyl Corporationc
33 Dow Chemical Company
34 Pioneer Rubber Company, H. K. Porter
35 U.S. Steel, Columbia Geneva Div.
36 Johns Mansvllle Corporation
37 City of Pittsburg
38 PG&E Pittsburg Steam Plant

SUisun Bay

39 Shell Chemical Corporation
40 Contra Costa County Sanitation Dist. 7a
41 Allied Chemical Corp., General Chem. Div.
42 Port Chicago, Bay Point, Sewer

Maintenance Dlstrictb
43 Rlvercrest Sewer Maintenance Dlstrictb
44 Clyde Corporationb
45 Falrfield-Sulsun Sewer District
46 City of Concord
47 Central Contra Costa
48 Tidewater Oil Company
49 Mountain View Sanitary District
50 Mountain Copper Company
51 Shell Oil Company
52 City of Martinez
53 Benlcla Arsenal^
5^ City of Benlcla

Municipal



Dischargers in the western Delta represent a variety
of industries, thus a variety of wastes. The major contributor
of BOD was Fibreboard Products, with a daily discharge of approxi-
mately 31^^00 pounds or nearly 50 percent of the total loading
in the area.

Two thermoelectric plants in the western Delta discharged
only cooling water. Although the thermal pollution caused by
discharging cooling water has not been considered in this report,
the steam-electric power industry is often cited to illustrate
the prospective danger of thermal loading, since the installed
capacity of that industry tends to double approximately every
decade. Besides the problem of thermal loadings created by
thermoelectric plants, the possibility of discharge of large
quantities of phosphate compounds, widely used in steam power
plants to control scaling in boilers, should be considered.

Ten municipal and six domestic waste treatment plants
discharge an average of about 120 cfs into Suisun Bay. Tidewater
Oil Company, with a flow of 62 cfs and a BOD loading of 21,700
pounds per day, discharges 50 percent of the total loading in the
area. The company removed about 35 percent of the BOD in its
waste by skimming and sedimentation. Overall BOD removal in the
area was approximately 43 percent.

The total municipal and industrial waste discharged in
the study area is summarized in Table l6. Local water supplies
in the western Delta and Suisun Bay are of lesser quality and
have a direct influence on the resulting quality of the discharge.

Delta Agricultural Drainage

Drainage problems currently exist on many islands in
the Delta lowlands because of seepage from adjacent channels.
Seepage, together with tailwater from field application, is col-
lected and conveyed from the fields by extensive systems of
drainage ditches. Since the land elevation of many of the Delta
islands is below the channel water level, pumps are required to
lift the drainage water into the Delta channels.

Generally, each island or tract in the Delta has one
or more drainage systems. Small drain laterals lead to larger
main drains which terminate at the pumping plants. The plants
are usually float-actuated between predetermined water levels in
the main drains, and water is pumped intermittently into the
adjacent channels.

Fertilizers and Pesticides . Although Delta soils are
considered very fertile, they are gradually becoming less so
with time. Fertilizers are used to maintain a high rate of
agricultural production, and calcium and zinc are occasionally
added to the soil.
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TABLE 16

ESTIMATED I96O MUNICIPAL AND INDUSTRIAL
CONSTITUENTS DISCHARGED WITHIN THE DELTA AND SUISUN BAY



Pesticides, perhaps more important than fertilizers in
the Delta, are used extensively to prevent, control, or eliminate
nuisance organisms. Soil fumigants are used to rid the soil of
worms and root-infesting pests. Insecticides are used on foliage
to prevent and eliminate leaf-eating insects and fungi. Herbicides
and crude oil are used extensively to control weeds.

Seasonal applications of both fertilizers and pesticides
reach a maximum during the spring and summer. In 1964, a total of
5,600 tons of fertilizer compounds were applied to 3^0,000 acres
in the Delta. About 50 percent were distributed in April. More
than 200 tons of pesticides were applied the year round, with
maximum applications from April through August when 87 percent of
the total annual quantity was distributed.

Present Drainage Study . In 1964, a special study was
made of agricultural drainage in the Delta to determine present
quantities and qualities of return flow. The field study was
selective, rather than exhaustive, and was conducted from July
through November. Figure 29 shows the location of each study
unit and sampling station.

Pump installations sampled represented only seven per-
cent of the 200 pump installations in the Delta. However, they
accounted for the drainage from 20 percent of the irrigated land
(73,400 acres)

.

After selecting the study units, a crop survey was made.
Samples of drainage were collected biweekly for field determina-
tion of temperature, pH, EC, transparency (Secchi disc), DO,
and chloride. Power meter readings for each pump installation
were obtained to estimate drainage quantities and monthly
samples were collected at 13 pump installations for laboratory
analyses for nitrogen and phosphate series, TDS, and BOD.
Results of field measurements are expressed on Tables 17, I8,

and 19.

Drain flows, computed from power meter readings, indi-
cate that more water per acre is drained from organic soils than
from mineral soils. Conditions of pumping from the drains varied
from intermittent pumping on Grand Island, composed mostly of
mineral soils, to constant and high rate pumping on Staten Island,
composed almost entirely of organic peaty soils.

Quality of Drainage . Although the maximum organic and
nitrate nitrogen (NO3-N) concentrations were uniformly distri-
buted among the drains, the average organic concentration was
higher than the average nitrate concentration in most drains.
During the study period the predominant nitrogen form that was
pumped into the Delta channels was organic. This may indicate
that most of the surplus organic nitrogen moved through the soil
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SAN JOAQUIN DELTA LOWLANDS
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and was drained before it had mineralized to other forms. Drain-
age from Roberts Island and Terminous Tract, had higher nitrate
concentrations. They are also the largest of the 13 study units,
A large drainage canal on Sherman Island, where the pumping was
intermittent also had higher nitrate concentrations. The inter-
mittent pumping may have allowed the organic nitrogen to change
to a mineral form, due to high retention time in the drainage
canal.

Total nitrogen concentrations in the drains depended
on crops grown, amount of fertilizer used, leaching practices,
soils, type of drainage, and size of individual farms.

TABLE 17

AGRICULTURAL ACREAGE AND QUANTITY OF
AGRICULTURAL DRAINAGE FOR JULY-NOVEMBER 1964 STUDY

Map
Noa
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Except for two discharges, the drainage waters of the
units studied were alkaline and pH values were usually above J. 10.
Mineral concentrations of drainage water, as represented by EC,
TDS, and CI were lowest in the northern Delta and highest in the
southern and western Delta. These trends undoubtedly result from
the influence of the quality of supply waters.

The BOD concentrations imposed on the receiving waters
by the agricultural drainage were approximately two to four times
the BOD of the surface 'jaters. The BOD of the drainage was
generally 0.5 to 1.5 times the DO concentration. When BOD
values are muoh less than the DO in the same drainage water, an
appreciable oxygen demand can be imposed on the surface waters^
tiierefore, when the BOD is equal to, or higher than, the avail-
able DO, the oxygen dempjid on the receiving waters will be
iiureased further.

Ox^'-'^en demand is especially important considering the
aquatic metabolism resulting from the nutrients in the drainage.
The range of Do values found reflects the influence of algae on
the oxygen concentrations. Large ranges indicate that the resul-
tant respiration probably requires up to five times the amount
of available oxygen.

The metabolic imbalance of the aquatic communities, as
shown by large diurnal variations in DO concentration, was greatesi
in the drainage from. RD 1007, indicating that when the relatively
bterile but highly mineralized tile drainage was discharged into
an open ditch, the biomass production increased sharply.

Records from a continuous recorder at the discharge
installation on Staten Island show a trend similar to that observec
in drains of the central Sacramento Valley. When consumptive use
is high, during July and August, the drainage is primarily tail-
water. In the winter salts are leached out of the soils and the
dissolved minerals reach a maximum.

Seasonal and Areal Variations in Drainage Quality . Data
obtained during the five-month study in 19^-4-^ were compared with
the results of a study conducted in 1954 and 1955. From the com-
parison, and from the continuous electrical conductivity measuremei
of drainage from Staten Island, extrapolations were made to rep-
resent waste water for an entire year.

Seasonal concentrations of TDS, CI, and N during 1964
appear reasonably consistent and indicate that the poorest quality
water was discharged during the winter months. Nitrogen estimates
were based on comparisons with annual data from Sacramento Valley
drains of similar size and character.
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Table 20 presents the average flow^ TDS^ CI, BOD, and
N presently being discharged in the Delta. Examination of the
data shows that the drainage waters discharged in the south-
eastern Delta were of poorest quality.

Salinity Intrusion

Whenever bodies of fresh water intersect tidally influ-
enced bodies of saline water, salinity intrusion occurs. By
definition, salinity Intrusion is the invasion of sea water into
tidal estuaries or channels by tidal action. The three basic fac-
tors governing the extent to which sea water will intrude into an
estuary and the rate of advance and retreat of the slinity are
the quantity of outflow from the estuary, the shape of the
estuary, and the tidal action.

The annual intrusion of saline water from the Pacific
Ocean into the Delta channels usually occurs in the late summer,
earlier during dry years, and causes significant water quality
degradation. The extent of intrusion varies with the total in-
flow from tributary surface streams. The combined discharge of
the Sacramento and San Joaquin rivers when in flood can flush
out Suisun Bay and freshen San Pable Bay.

A chloride concentration of 1,000 mg/1 is generally
used as an indicator of salinity intrusion. In recent years the
effect of the operation of Shasta and Folsom reservoirs has been
significant. In the dry summer of 1955 it was estimated that if
Central Valley Project reservoirs had not existed, chloride con-
centrations of 1,000 mg/l or greater would have affected nearly
as much of the Delta as was affected in 1931;? when the water suppl;;
for Jk percent of the Delta was made unusable by salinity intrusioi
Figure 30 shows the extent of salinity intrusion in the Delta for
several years.

Ground Water and Connates

Ground water samples were not collected during this in-
vestigation. A literature search provided the information necessa]
for evaluation of the extent to which subsurface waters might infli
the quality characteristics of the Delta surface waters.

During April and May 1956, a subsurface exploration of
Bouldin Island was conducted. Results showed that CI concentratior
ranged from 520 mg/l at a depth of 28 feet, to I35O mg/1 at 173 fe(
Artesian aquifers were found at depths of oO feet and contained
300 mg/l chlorides.
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The ground water geology of the Delta was previously
studied to provide information applicable to an evaluation of
the State's water development program. Data indicated an apparent
general movement of ground water toward the Delta from the norths
east, and south. Ground waters in unconsolidated sediments in
the periphery of the Delta were of excellent quality; but the
rising mineralized waters in the central Delta were found to be
unsuitable for most beneficial uses.

Ground waters in the Delta area were predominantly of
the sodium-chloride type. These waters were of the saline
connate variety with a corresponding high percentage of sodium
and chloride ions and relatively low concentrations of calcium
and sulfate ions. Ground waters at the perimeter of the Delta
were generally of excellent quality and low in mineral content.
The water varied from a calcium-magnesium-bicarbonate type, to
a sodium-bicarbonate type. These ground waters entered the
Delta as returns from irrigated lands and caused no appreciable
surface water quality degradation.

Available data indicated that ground water presently
has little effect on surface water quality within the Delta and
may be disregarded in the future because conditions are not
expected to change significantly.

San Joaquin River near Stockton

Pollution resulting from domestic, industrial, and
agricultural waste discharged to the San Joaquin River near
Stockton has created a recurring problem almost every year
since 1939* A survey conducted in August 19^1^ revealed DO
values below 5 ing/l in a six-mile reach of the river between
Stockton and Rindge Tract. Additional studies in 19^6, 19^9^
1950, and 1962 showed widespread pollution from above Stockton,
near French Camp Slough, to an area in the shipping channel
near Fourteen Mile Slough.

Field studies were conducted during September and
October I963 to obtain data on hydraulic and physical conditions,
chemical quality, oxygen relationships and the effect of waste
discharges on the river. Weekly sampling provided information
on short-term variations in the physical condition, and in the
chemical quality of the river. Hydrologic characteristics of
the river were determined from existing data and field measure-
ments using dye tracing techniques.

During the field surveys, water samples were collected
and analyzed for temperature, DO, free carbon dioxide (C02)j
alkalinity (CO3 and HCO3) and pH determinations. In addition,
samples were collected at selected stations and tested for EC,
BOD, CI, detergent (ABS), and volatile solids.
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Pollution and oxygen depletion in the San Joaquin River
near Stockton were found to be functions of: (1) upstream micro-
organism populations, nutrients, and BOD's; (2) wastes discharged
from the City of Stockton treatment plant; (3) river flows too
low to sufficiently dilute and transport wastes; and (4) the
change in environment that prevents the upstream autotrophic
communities from existing in the ship channel.

When oxygen-demanding wastes from the Stockton discharge
exceeded the receiving water BOD, that carried by San Joaquin
River inflows, oxygen concentrations in the river dropped below
desired levels. At the higher river inflows the oxygen deficiency
near Stockton was displaced downstream and the water was diluted
until desirable DO levels could be maintained.

Biologic communities upstream from the ship channel
supplied oxygen to the water while producing organic material.
The inability of this type of community to thrive in the ship
channel reduced an important oxygen resource in the river, and
at the same time increased the magnitude of oxygen demanding
material in the water.

Quantities and Qualities of Future Wastes

Projections were made of quantities and qualities of
wastes to be discharged in 1995* Resultant values were used to
determine possible effect of the wastes on receiving waters, and
to predict surface water quality in 1995

•

Municipal and Industrial Wastes

Population predictions were used to project domestic
wastes; future industrial wastes were estimated from industrial
growth factors. It was assumed that the growth of an area
would depend on its present industry and domestic population
and that future growth would follow the present trend.

The possibility of developing new waste treatment
methods in future years should be considered when evaluating pro-

jections of future waste loadings. Biochemical oxygen demand
of a waste is the only factor effectively treated by methods
in current use. BOD projections were made on the basis of both
present treatment efficiencies and amount of raw BOD prior to
treatment.

The data presented in Table 21 shows projected total
areal loadings of major constituents under 1995 conditions.
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TABLE 21

ESTIMATED 1995 MUNICIPAL AND INDUSTRIAL CONSTITUENTS
DISCHARGED WITHIN THE DELTA AND SUISUN BAY



In 1995 liquid waste quantities in the northern Delta
are expected to be double or triple the present flows. It is es-
timated that 320,000 pounds per day of untreated BOD will be
discharged in the area. If present treatment methods (36 percent
BOD removal) continue,, about 200,000 pounds of BOD will be dis-
charged directly into the river. This will be from a population
equivalent of 880,000 persons. If 75 percent of the BOD could
be removed by the dischargers in the area, the 1995 loading on
the river would be about what it is presently.

Waste flow in the southeastern Delta can be expected
to increase almost threefold by 1995. Presently, the degree of
waste treatment in the area is high, and if current practices are
continued the total BOD loading will increase to only 20,000
pounds per day. Nitrogen concentrations in the area are of major
concern. Estimated future loadings of l4,500 pounds per day of
nitrogen, or almost three times the present quantities, can be
expected to cause problems similar to that found in the San
Joaquin River near Stockton unless changes in environmental con-
ditions enhance the assimilative capacities of southeastern
Delta channels.

Waste water flows in the western Delta are expected to
increase 2.5 times by 1995 a-nd will account for a corresponding
increase in constituent loadings. Present overall BOD removal
efficiency is about 37 percent, but additional treatment facili-
ties in the western Delta could reduce 1995 BOD loadings to
amounts equal to or less than present values.

Quantities of waste flow will possibly double in the
Suisun Bay area by 1995- At present concentrations, the total
constituent waste loadings will then be approximately twice as
high as they are now. Dissolved mineral concentrations will be
equal to, or less than, those in the receiving water. Increased
nitrogen loading could influence aquatic growth and result in
unsightly conditions and unpleasant odors.

Projected increases in quantities of flow, TDS, CI, and
N discharged, and raw BOD between present and 1995 conditions are
shown on Figure 31. The data from each area concerning flow and
specific constituents discharged may be used to calculate waste
concentrations in mg/l by dividing the total constituent loading
expressed in units of lbs/day by the product of 5 '39 and the flow
in cfs. These concentrations determine the quantities of incremen-
tal waste loading.

Delta Agricultural Wastes

Drainage flow projections for 1995 a^re based on the
premise that the increase in seepage will be the major cause of
increased drainage. The present seepage rate of 950 cfs is ex-
pected to increase to I500 cfs by 1995. The quality of 1995
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drainage was estimated by degrading present Delta agricultural
drainage qualities by the increase in consumptive use values
(about 20 percent). Phosphate and BOD concentrations were
projected by comparing the values obtained during the 1964
five-month study of Delta drainage with the qualities of waste
discharged by drains in the Sacramento Valley, which are charac-
teristically similar to Delta drains but discharge greater
quantities of waste. This provided data on a yearly basis for
conditions similar to those that might occur in the Delta in
future years.

Total quantities of flow, TDS, 01, BOD, and N projected
to be discharged in 1995 from the study area were estimated by
using future quantities and qualities shown in Table 22.

BOD concentrations in drainage discharged in the
southern Delta will be from one to two times those discharged
in the northern Delta. Minimum concentrations can be expected
during the summer and maximum concentrations will probably
occur in the spring. Estimated concentrations for 1995 ranged
from 2.2 to 5«6 mg/l for the northern Delta, and 3-7 to 8.1
mg/l for the southern Delta.

Phosphate concentrations in surface drains probably
will not fluctuate significantly either seasonally or geographical]
Random variations from 0.24 to O.69 mg/l will likely occur in 1995
Delta drainage with maximum values resulting from fertilizer
applications and leaching.

Nitrogen and phosphate will be discharged at a ratio
varying from 6:1 to 20:1, with maximum loadings in spring and
summer when irrigation drainage flows are highest. Nitrogen
loadings will be greatest in the southeastern Delta. There,
discharges will amount to approximately 50 percent of the total
nitrogen discharged in agricultural drainage.

Effects of Wastes on Future Water Quality

Predictions of the water quality characteristics through-
out the Delta and Suisun Bay under 1995 conditions were based on
operation of a Peripheral Canal for water transfer and on previous]
estimated quantities and qualities of wastes to be discharged.

Significance of Discharge Qualities

Several of the waste dischargers divert large quantities
of surface water directly from the estuary. These water supplies
contain significant amounts of the same constituents that are
found in the discharged wastes. As a result, the quantity and
quality of influent must be considered when studying waste dis-
charges to the Delta and Suisun Bay; otherwise, an erroneously
high concentration increase could be calculated.
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Projecting the effect of waste discharge on constituent
concentrations in receiving waters depends on the quantity and
quality of the waste discharged, the assimilative characteristics
of the receiving waters, and the existing constituent concentra-
tions in the receiving waters.

Increases that might occur in a channel must be calcu-
lated on the net quantity of material added to the channel. The
magnitude of the net discharge determines the extent of degradation
in receiving waters after the steady-state concentration increases
have been determined for specific assimilative conditions.

From results of fluorescent tracer studies, steady-
state concentrations (Cs) values were determined for the San
Joaquin River near Antioch and for Suisun Bay. These Cs values
include the effect of tidal dispersion. The mathematical model
of the Delta was used to determine increases in mineral concen-
trations through solution of the salt balance, or water quality
program, which neglects tidal dispersion. Influence coefficients,
also developed from the mathematical model, were used to estimate
changes in nitrogen, phosphate, and BOD concentrations resulting
from municipal, industrial, and agricultural drainage.

Mineral Concentrations

Twenty stations were selected to represent the mineral
quality of Delta water under 1995 conditions. The basic mineral
quality of the entire Delta was estimated through the mathematical
model solution of the water quality program and reported as TDS
in mg/l. The conditions of 1995 were simulated for the median
year bimonthly periods of January-February, May-June, July-August,
July-August (with the San Joaquin Master Drain discharging at
Antioch Bridge), September-October, November-December, and a
November-December dry year condition. The results of these 1995
simulations are shown on Figures 32 through 38-

Within the areas not affected by salinity intrusion,
the 1995 TDS values from the model were used in conjunction with
individual station mineral correlations to calculate EC, CI, Ca,
Na, Mg, and SO4 concentrations and total hardness. Western
Delta stations were corrected for salinity intrusion. Mineral
concentrations throughout the Delta and TDS in the western Delta
are shown in Tables 23 and 24.

On Figure 39 seasonal variations of TDS for present and
1995 are shown for eight different stations in the study area.
The values do not reflect any changes resulting from operation
of the proposed agricultural master drain.

The computed 1995 quality of Sacramento River water
near Walnut Grove is related to increased population in the
metropolitan area of Sacramento, resulting in larger municipal
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Figure 32. DIGITAL COMPUTER SIMULATION OF JAN- FEB 1995 DELTA WATER QUALITY
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Figure 34. DIGITAL COMPUTER SIMULATION OF JULY -AUG 1995 DELTA WATER QUALITY
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SOLUTION BASED ON COMPLETE MIXING

THEORY AND DOES NOT INCLUDE TIDAL

INDUCED ADVECTIVE FLO* OR EDDT

DIFFUSION

Fiqure38. DIGITAL COMPUTER SIMULATION OF NOV -DEC 1995 DELTA WATER QUALITY
DRY YEAR
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TABI£ 23

ESTIHATH) 1995 KIHJHAL
CONCENTRATIONS THROUGHOUT TOE DELTA*
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DELTA CROSS CHANNEL NEAR WALNUT GROVE

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

SAN JOAQUIN RIVER/fJEARNyERNALIS OLD RIVER AT HOLLAND TRACT

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

STOCKTON SHIP CHANNEL AT RINDGE ISLAND MIDDLE RIVER AT VICTORIA CANAL

b 200-

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

SAN JOAQUIN RIVER AT ANTIOCH
(WITHOUT MASTER DRAIN)

SACRAMENTO RIVER AT PITTSBURG
(WITHOUT MASTER DRAIN)

Figure 39. ESTIMATED PRESENT AND 1995

AVERAGE TOTAL DISSOLVED SOLIDS
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and industrial return waste flow to the river. The increase in mos
constituent concentrations is minimal^ from about 1 to I5 percent,
depending on the individual constituent.

In Lindsey Slough near Rio Vista, water quality will be
slightly improved in 1995- High quality Sacramento River water wil
be transported up the slough for use in the North Bay Aqueduct.
Quality may be degraded briefly during floods when the Yolo Bypass
overflows into the area.

Water quality near the north and south forks of the
Mokelumne River, and in Little Potato Slough near Terminous, will
be lower than at present because of reduced flow through the Delta
Cross Channel and subsequent reduction in the quality of Sacramento
River water moving down the Mokelumne 's north and south forks.
However, water quality in both areas is expected to continue to
meet class I agricultural standards. The Little Potato Slough area
will contain lower quality water than the Mokelumne River due to
flushing of eastern dead-end sloughs by summer releases from the
Peripheral Canal.

San Joaquin River water quality at Mossdale and Brandt
bridges will be higher because of the influence of the Peripheral
Canal and upstream water project development. Water quality at
Garwood Bridge on the San Joaquin River will be improved by re-
leases from the Peripheral Canal in July and August, while mineral
concentrations at Rindge Tract will be increased about 10 percent.
At other central Delta stations changes will be even smaller in
magnitude.

Mineral quality of Delta waters will be generally improve
t»y 1995' In areas where reduced flows and increased agricultural
drainage might cause degradation, the water will still be suitable
for most beneficial uses. The southern Delta will benefit signi-
ficantly from operation of the Peripheral Canal.

Nitrogen and Phosphate Concentrations

Future conditions, including operation of the Peripheral
Canal and waste discharges from municipal, industrial, and agri-
cultural sources, will increase concentrations of nitrogen and
phosphate throughout the Delta and Suisun Bay.

In the northern Delta, near metropolitan Sacramento,
concentrations of nitrogen and phosphate' in receiving waters are
influenced more by municipal and industrial discharges than by
agricultural discharges. Agricultural drainages increase the
concentrations in other areas of the Delta at least as much as
municipal and industrial wastes. Future quantities of municipal
and industrial wastes discharged in the southern Delta will be
greater than agricultural drainage. The large amount of phosphate
and ammonia in wastes discharged from the City of Stockton sewage
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treatment plant will cause high receiving water concentrations,
despite the greater net flows. Agricultural drainage will cause
significant increases of nutrients in Old and Middle rivers in
the area south of Stockton. Because of large volumes of dilution
water from tidally induced advective flow, local internal agricul-
tural drainage and municipal and industrial wastes will cause
minimal changes in nitrogen and phosphate concentration increases
in the western Delta and Suisun Bay. Projected 1995 nitrogen
and phosphate concentrations for l6 stations listed in Table 25
were derived from results of the mathematical model program
previously described. The periods of January-February and July-
August were selected to correspond to the extreme operating
criteria of the Peripheral Canal. The conditions generally
found for these two periods bracket the concentration changes
that might occur.

An examination of the estimated concentrations shows
that nitrogen concentrations will vary almost fivefold from one
area to another. In some Delta areas, total nitrogen concentra-
tions might approach three or four mg/1.

A comparison of present conditions and projected 1995
conditions indicates that nitrogen concentrations will increase
about 50 percent throughout the entire Delta. Specific areas
might be expected to have increases of 110 to l60 percent. The
average nitrogen concentration for 1995 is estimated to be about
1.6 to 2.2 mg/1.

One area of the Delta that presently has relatively
high quality water is a segment of Middle River along the northern
edge of Union Island. It will be closed at the Peripheral Canal
crossing. Calculated 1995 nitrogen concentrations for this reach
of the river ranged from a maximum of 5.1 mg/l during March
through May, to a minimum of 1.0 mg/l during July through October.
This is a local situation where a problem, if it arose, could be
corrected by increasing Peripheral Canal releases into Middle
River.

Estimated increases in phosphate concentrations over
present values will range from 20 to about 70 percent. Increases
throughout the entire Delta will average about 40 percent with
the highest concentrations probably downstream from the City of
Stockton. Total phosphorus concentrations, however, are not
expected to increase significantly above present levels. They
may increase in some areas where previous concentrations have
been low.
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TABLE 25

ESTIMATED 1995 NITROGEN AND PHOSPHATE
CONCENTRATIONS IN THE DELTA AND SUISUN BAY^

(Minimum Controlled Delta Outflow of 180O cfs)



Biochemical Oxygen Demand

The estimated 1995 concentrations of BOD throughout
the Delta and Suisun Bay were derived from information on future
waste loadings, net travel time, dilution factors, and an assumed
rate of deoxygenation. Additional information, resulting from the
assimilation studies in the San Joaquin River near Antioch and in
Suisun Bay was used to calculate increases in BOD concentrations
caused by the discharge of organic wastes, not including the
discharge from the San Joaquin Master Drain.

Present average BOD values for the surface waters in
the area range from 1.0 to 4.9 mg/lj with an overall average of
approximately 2.0 mg/l.

Estimated 1995 concentrations shown in Table 26 indicate
that seasonal influence will probably be important in the persis-
tence of BOD in local areas. Ranges are expected to be from 0.4
to 4.4 mg/l during January-February and 0.2 to 5.4 mg/l during
July-August. Oxygen deficits can be expected in areas where
net flows are low and velocities minimal.

TABLE 26

ESTIMATED 1995 BIOCHEMCAL OXYGEN
DEMAND IN THE DELTA AMD SUISUN BAY

rConcentration in mg/l
Station ; Jan-Feb ; July-Aug

Sacramento River at Snodgrass Slough
Georgiana Slough at Mokelumne River
San Joaquin River at Brandt Bridge
San Joaquin River at Fourteenmile Slough

San Joaquin River near Disappointment Slough
Old River at Tracy
Old River at Clifton Court Ferry
Old River near Italian Slough

Middle River at Victoria Canal
Old River at Holland Tract
Connection Slough at Mandeville Island
San Joaquin River at San Andreas Landing

False River at Fisherman's Cut
Sacramento River at Rio Vista
San Joaquin River at Antioch
Suisun Bay at Port Chicago
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Estimates indicate that average BOD concentrations will
range from about 1.8 mg/1 in winter to 2.3 mg/l in summer. An
increase of 10 or 20 percent can be expected for the entire area.
Specific increases could be as high as I30 percent where channels
are changed by construction of the Peripheral Canal as in Middle
River south of Victoria Canal.

An absolute value cannot be predicted accurately for
nonconservative constituents such as BOD. Calculated values pre-
sent an indication of possible increases and a guide to estimates
on the future of receiving waters.

Water Temperature

One of the most simple yet most revealing measurements
used to characterize aquatic environment is water temperature.
Temperature affects water density^ metabolic activities of plants
and animals, rates of waste stabilization, and optimum productivity
of some irrigated crops.

Water temperature throughout the Delta generally reflects
changes in seasonal air temperatures, but is also influenced by
net flows and agricultural drainage. Minimum water temperatures
of 45° to 50°F occur in December and January; maximums of about
75°F occur during July through September.

By 1995j several changes will have been made in the con-
trol of inflows to the Delta. In addition, water transfer faciliti
will have been constructed in the Delta. Changes of water temperat
in the Delta are not expected to be significantly different than
those historically experienced. Removal of agricultural drainage
from the San Joaquin River by the San Joaquin Master Drain is not
expected to change the San Joaquin River temperatures, either in
the San Joaquin Valley or in the vicinity of the master drain dis-
charge near Antioch.
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Effects of San Joaquin Valley Drainage

Studies conducted during the San Joaquin Valley Drainage
Investigation revealed that there presently is a waste water dis-
posal problem in the San Joaquin Valley that will spread and
intensify in the future. It will be necessary to remove and dis-
pose of salts and agricultural drainage from the San Joaquin
Valley in order to maintain the rich productivity of the valley.

The San Joaquin Master Drain, recommended for removing
the concentrated dissolved minerals from the agricultural areas,
is an authorized facility of the State Water Project. Waste
water will be transported from a point south of Bakersfield to
a discharge point in the western Delta, a distance of approximately
280 miles. The amount of waste to be conveyed by the drain is
expected to increase from an initial quantity of approximately
60,000 AF in 1970 to about 500,000 AF by 2020. Maximum flows
during peak months are expected to be about 30 percent higher
than average quantities.

Concentrations of chemical constituents to be discharged
from the San Joaquin Master Drain are shown in Table 27.

TABLE 27

ESTIMATED CONCENTRATIONS OF CHEMICALS
IN AGRICULTURAL WASTE DISCHARGED FROM THE

SAN JOAQUIN MASTER DRAIN



Tracer Studies at Antloch Bridge

Fluorescent tracer techniques were used topredlct the
effect of waste discharges on receiving waters. Based on three
dye studies conducted in 1964, steady-state concentrations (Cs)
were developed for a conservative material injected at Antloch
Bridge. Mean Cs values were also calculated for the entire area.

Hydraulic conditions existing during the field tests
and the average dye concentrations observed over the period of
each study at HHW and LLW slacks are shown on Table 4 and Figure
l4. Concentrations reflect the Influences of tidal and net flows.

An estimated Cs was computed for a condition of zero
net flow past Antloch, at a tidal flushing rate equal to the
average of the net flushing rates determined for the two con-
tinuous dye release abudies . Steady-state concentrations will
theoretically approach waste water concentrations if a conser-
vative waste is introduced into a system of zero net flow with
only tidal activity present. An approximation was made to
define an absolute maximum mean Cs at various net flows. The
relationship of Cs vs net flow was determined (Figure 40) and
used to make predictions of resultant concentration from dis-
charges for net flows other than those found during the dye
studies.

Changes in Receiving Water near Antloch

The determination, or prediction, of changes in chemical
constituent concentrations due to a discharge of wastes is possible
when the quantities and qualities of the waste are known, the
receiving water qualities are known or determinable, the environ-
mental features of the receiving water can be related to appropriat
levels of development, and when the assimilative capacity and
dilution and flushing rates of the receiving water can be quanti-
tatively characterized in relation to Independent variables.

Differences between waste and receiving water qualities
determine the incremental loading of the waste water on the
receiving water. The level of development influences the physical
and chemical characteristics of the waters that are affected.
Similarly, the level of development determines the approximate
quantities and qualities of waste. Relationships obtained between
Cs values and net flows represent the assimilative capacity of the
river near Antloch. These relationships, and the Incremental
waste loadings, can be used to estimate the effect of San Joaquin
Master Drain wastes on receiving waters in terms of changes in
constituent concentrations.
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Present patterns of flow distribution at the confluence
of the Sacramento and San Joaquin rivers will change significantly
after the Delta water facilities are constructed. This change
will alter the present flow vs quality relationship at Antioch.
Determinations of probable future quality were made based on
results of the digital computer simulation.

Increases in concentrations of TDS, CI, SOh^ Na^ B,
and N were calculated for four different flows at Ant^ioch under
present and future conditions. Figures used were for the peak
master drain flows which might be expected during the summer.
Average annual drain flows would be approximately 23 percent less.
Receiving water background concentrations of minerals were esti-
mated from transient state salinity intrusion curves.

Predicted effects of the drain^ shown in Tables 28 and 2^

indicate that the only significant changes in concentrations will
occur in the sulfate, boron, and nitrogen constituents. The initie
mean increase in sulfate will be 6 percent or less, while the maxi-
mum might be 12 to 17 percent. Increases in boron will range from
13 to ^0 percent in 1970. Boron concentrations will probably not
degrade receiving waters below usable levels, even in 1995 when in-

creases are estimated to be about 0.2 or 0.3 mg/l. Maximum increai
during the summer could cause a total boron concentration as high j

0.76 mg/l in 1995.

Initial increases in mean nitrogen concentrations might
vary from about 3 to 7 percent. The 1995 increases are expected t(

be approximately 10 to 30 percent of the concentrations in the
absence of the drain. Maximum increases in 1970 could be as high
as 0.32 mg/l, or about 21 percent of present receiving water concei
trations. Future maximum nitrogen concentrations near Antioch, as
a result of drainage discharge, could possibly range from 2.5 to
3.8 mg/l, or almost double the future receiving water concentratior
without the master drain.

Results of the analysis indicate that initially the
drainage will not degrade receiving water concentrations to the
extent that prior beneficial uses will be reduced. Although in-
creases in constituent concentrations apparently will be below
various quality objectives for beneficial uses, their associated
effects may result in changes in the chemical and biological
environment.

Mathematical Model Simulation

The mathematical model of Delta hydraulics and water
quality was used to simulate 1995 July-August conditions with the
master drain discharging at Antioch. Because the model used a
salt balance equation, without the ability to determine noncon-
servative constituent concentrations or diffusion processes, only
TDS concentrations were computed (Figure 35)- The model did not
simulate salinity intrusion so adjustments were made for intrusion
of western salts from Suisun Bay.
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Discharge of drainage at a TDS of 3300 mg/l into the
more saline receiving waters would not cause degradation, but
would improve the mineral quality of the receiving water. The
major effect of the drain discharging at Antioch would be in-
creased Delta outflow and decreased salinity intrusion.

Effects on Water Quality in Suisun Bay

The prototype and hydraulic model studies provided data
to determine effects of wastes from municipal, industrial and
agricultural discharges. The influences of the drain were evalu-
ated at four different inflows for a discharge representing a

continuous release of conservative constituents at Martinez.

Water quality data showed that the present TDS and CI
concentrations in Suisun Bay are usually equal to, or greater
than, concentrations that will be discharged from the drain.
Therefore, the agricultural drainage discharge will cause a
negligible increase in concentrations at high Delta outflows or
will reduce the concentrations at low Delta outflows.

Constituents investigated for drainage effects were
sulfate, nitrogen, and boron. These constituents were chosen
because expected drainage concentrations are higher than those of
the estuary, and therefore could possibly degrade the surface
water. Some other drainage constituents may also be important,
but present knowledge precludes adequate evaluation of their
effect on the receiving water. Present concentrations of sulfate,
nitrogen, and boron in Suisun Bay represent the average for the
area from Pittsburg to Carquinez Strait. Calculated increases
presented in Table 30 show that the average increase in Suisun
Bay is a function of net flow at Chipps Island.

Increases in sulfate are expected to be minimal,
ranging between 15 and 20 mg/l. No detrimental effects are
expected because of sulfate concentration increases.

Nitrogen concentrations are expected to increase about
10 percent initially and up to 48 percent over background by

1995. Increases in concentrations of total nitrogen will range
from 0.09 to 0.16 mg/l initially, to 0.6 to over 0.9 mg/l by 1995.
The calculated nitrogen increases appear nominal, although
greater local increases will probably occur near the outfall.

The only significant influence that boron displays is
the reduction of agricultural productivity at concentrations above
0.5 mg/l; so apparently boron will not cause problems. Although
increases are expected to be relatively large (between O.3O and
0.46 mg/l by 1995) the resultant boron concentrations will not
materially affect any existing beneficial use of the surface
waters in Suisun Bay.
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Salton Sea Comparison

A study was undertaken to compare present environmental
conditions In the Delta and Bay system with those observed In the
Imperial Valley. It was envisioned that such a comparison would
assist in evaluating the possible effects of the San Joaquin
Master Drain.

The Salton Sink, an extension of the depression between
Baja, California, and the mainland of Mexico, is separated from
the Gulf of California by ancient alluvial deposits from the
Colorado River. In the geologic past, the basin has been inun-
dated numerous times by the Colorado River.

At the beginning of this century, the basin was almost
dry. Irrigation was provided by canals from the Colorado River
near Yuma, and agricultural development of the Imperial Valley
began. By 190^, 150,000 acres of the Imperial Valley were under
cultivation. Between 1904 and 1907j flood waters of the Colorado
followed the irrigation canals, deepened existing channels of the
Alamo and New rivers and created the Salton Sea. Since 190?^
major inflow to the Salton Sea has been salt-laden agricultural
drainage. The level of the lake has fluctuated through the
years and salinity has increased.

Because of saline soil and the quality of the Irrigation
supply, leaching and subsurface drainage has become necessary
throughout the Imperial Valley in order to prevent reduced crop
production. There are presently about 600,000 acres of tilled
land, with 4-50,000 acres served by drainage systems tributary to
the Salton Sea. In addition, after various degrees of treatment,
the waste of a population of approximately 200,000 persons is
drained north to the Salton Sea by the Alamo and New rivers.

The necessity for soil drainage in the Imperial and San
Joaquin valleys is well understood. Subsurface tile drains, in
which net downward movement of water is maintained by over-
irrigation are used and provide the most effective method for
highly saline soils. Further salt concentration in the root zone
is reduced by soil leaching during fallow seasons. These drainage
systems are designed to remove soluble compounds from the soil and
therein lies the potential problem. Included in solution with
soil "salts" are nitrogen and phosphorus compounds and pesticides.

During August and September 1964, samples of tile drain
effluent were collected from eight Imperial Valley drainage
systems, and in I962, tile drains in the Firebaugh area of the
San Joaquin Valley were sampled for mineral content. All pesti-
cide sampling was done in 1964. A comparison of data is shown
in Table 3I.

•155-



m

I

<;
H

w
CO

w CO

Eh m

o

o
CO
Q
os

o w

H



TDS concentrations from tile drainage were found to be
about 25 to 30 times those of the supply water. Plankton popula-
tions in tile drainage effluents were low because the effluent
had not been exposed to sunlight. Samples taken from open drain
ditches downstream from the Imperial valley tile drain outfalls
were found to have a plankton count ranging from 8OO to 6800 and
averaging 25OO per ml.

The potential for algae production appears to be present
in drain water. The San Joaquin Master Drain will have much
greater retention time than the Imperial Valley tile drains and
will also have relatively stable conditions of temperature and
salinity. This would allow algae to reach maximum levels and
impose an organic loading in receiving waters of yet unknown
magnitude. Regulating and detention reservoirs, proposed for
construction along the drain, may permit removal of some of the
organic material.

Chlorinated hydrocarbon concentrations in the Firebaugh
area ranged from O.O5 to 3. 00 ppb as MCH^. The cyclic pattern of
tile drain flow, differences in soil type and permeability, types
of pesticides and times of application, all apparently contributed
to the wide range. Extensive use of organo-phosphate pesticides
has developed in the Imperial Valley in the past few years. This
change in use could be responsible for a lower residual MCH^ in
the drains in the Imperial Valley than were found in the San
Joaquin Valley. No thiophosphate pesticides were found in the
effluent samples.

Imperial Valley soils are so saline and the irrigation
supply of such poor quality that water can be used only once; in
the San Joaquin Valley, water can be recycled a number of times
before drainage disposal is necessary. This recycle capability
is another possible reason for higher nitrogen and pesticide con-
centrations in the San Joaquin Valley.

Values for salt constituents found in samples taken
from rivers into which agricultural drains of the two areas dis-
charge reflect the differences in overall salinity as approximately
four to five times as high in the Imperial Valley area. Nutrient
plankton relationships were not conclusive because of differences
in temperature, velocity, and turbidity in the two areas. Oxygen
demand (BOD) for both areas was high for surface waters.

Chlorinated hydrocarbon concentrations in the Alamo
and New rivers were higher than the maximum detected in Imperial
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Valley drainage. This may be due to high pesticide concentrations
in surface tailwater^, or may indicate that the tile drains sampled
were not truly representative. High turbidity in these rivers was
indicative of topsoil erosion which could account for higher pesti-
cide residues in the water.

Use of the Salton Sea as an irrigation waste sump, with
evaporation providing the only outlet, has resulted in steadily in-
creasing salinity. In I907, the salinity (TDS^ was reported as
3,600 mg/1; by 1948, salinity increased to 40,4oO. Since then,
inflow has exceeded evaporation resulting in dilution to an approx-
imate average salinity of 33,000 mg/l. Eventually, the Salton Sea
should stabilize at a point where surface evaporation equals inflow;
at that time salinity is expected to again increase. Salinity
intrusion from the ocean is the main source of Delta-Bay system
salts. Controlled releases of fresh water to the Delta keep salin-
ities at safe levels for Delta irrigation and export.

Average nutrient concentrations in mid-depth water
samples from the Salton Sea are lower than Delta-Bay system samples.
Mid-depth plankton populations are also lower in the Salton Sea due
to radically different environmental conditions in the two areas; a
shallow, warm, static lake (Salton Sea), opposed to a very complex
system (Delta-Bay), with a constantly changing depth, velocity,
temperature, and water chemistry. The greatest biological activity
in the Salton Sea is on the bottom; the vast tidal flats are the
most productive in the Delta-Bay system. Any changes in Delta-Bay
system plankton populations, due to master drain discharge, cannot
be predicted from this limited comparative study.

Specific pesticide residues in fish flesh from the two
areas were of the same magnitude, and were predominantly of the
DDT group. No detrimental effect of pesticide concentrations on
the aquatic life was detected; no conclusions can be made.

Sediment samples indicated that high concentrations of
pesticides are available to benthic organisms. This could be the
critical point of ecological balance in the Salton Sea. Loss of
the benthic worm population would probably eliminate the Corvina
sport fishery.

The complex biota of Suisun Bay would also be changed by
pesticides in the bottom material and this would exert a toxic
effect on important food chain items.
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Effects of Water Quality Changes

Although changes in physical and chemical constituent
concentrations can be predicted with some degree of certainty,
biological effects of these changes on the environment and
aquatic life cannot be precisely determined at this time. Work
is in progress under the "Delta Pish and Wildlife Protection
Study" program to evaluate some of the aspects of water quality
changes

.

Nutrients and Algae

Nitrogen increases, although estimated to be relatively
small during the next few years and during early years of a master
agricultural drain operation, will become significant in 1995-
Nitrogen and phosphorus are the major nutrients which can stimu-
late algae growth in receiving waters, and algae in sufficient
quantity are unsightly and can cause odors,

Phytoplankton populations in the study area are con-
trolled, it is believed, by a complex interaction of physical,
chemical, and biological parameters. Nutrients, particularly
nitrogen and phosphorus, are essential to plant life, but the
difference between nuisance conditions and an acceptable environ-
ment is subjective, depending on the use of the water.

Some effort was made during this study to determine the
effect of nutrients on the production of algae in the Delta and
San Francisco Bay system, and the efforts of others toward the
same determination were reviewed. Part of the effort was expressed
in the study of the relation of agricultural drainage to the
Salton Sea where agricultural drainage, clearly identifiable as
such, is introduced into a large body of saline water.

There is a good deal of literature available on obser-
vations of the concentrations of nutrients that are considered to
trigger undesirable phytoplankton blooms in eastern lakes. The
concentrations that can trigger such occurrences have been stated
to approximate 0.3 mg/l of inorganic nitrogen and 0.01 mg/l of
phosphorus. These clear fresh water lakes with these concentra-
tions of nutrients have been observed to produce obnoxious algae
blooms fairly consistently.

In California there is no lack of occurrence of algae
blooms. Clear Lake is particularly notable, and in recent years
it has had a bloom almost every summer. Other lakes, particularly
those along the eastern slope of the Sierra Nevada such as Bridge-
port Reservoir, frequently have distinctly visible blooms, but
there may have been a time when these blooms did not occur through
lack of nutrients. In these California lakes information has not
been developed with which the initial nutrient levels could be
ascertained.
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The contrast of the Delta and San Francisco Bay with the
lakes is striking. While some literature contains reports of
blooms, almost without exception, it is found that the definition
is based on an increase in number of organisms found in the water
through counts taken from samples rather than through the visual
observation of undesirable conditions directly related to pro-
fusion in numbers of algae in the water. The exceptions to this
are the very strong blooms of a red form of algae and a yellow
form of algae in the highly saline water of salt ponds in the
south San Francisco Bay area.

In contrast with the lack of bloom conditions, the
analysis of the nutrients in the water show that at almost any
time and in any part of the Delta or San Francisco Bay the nutrient
concentration in the water may exceed those that were earlier
cited as the initial levels leading to algae blooms in eastern
lakes. In many cases these concentrations (Tables 12 and 13)
have become several times as great as experienced in the eastern
lakes

.

From this evidence, it is not reasonable to say that
algae blooms will not occur with increased fertilization in the
Delta and Suisun Bay. It is possible that there are inhibiting
circumstances, not well understood, that make the environment
much less sensitive to the effect of nutrients than most other
bodies of water. The most commonly discussed condition is the
presence of large amounts of suspended material, or turbidity,
which inhibits the penetration of light. While concern must
continue about the possible effects of high concentrations of
nutrients in the receiving water, it also must be recognized
that the predictions of adverse consequences made by other
observers have no foundation in any observations or analytical
work that has been of sufficient status to be reported in scien-
tific literature.
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CHAPTER VI

SUMMARY OF CONCLUSIONS

Summary

The Delta and Suisun Bay Water Quality Investigation
was composed of several studies^ each designed to yield infor-
mation to meet one or more specific objectives. Field dye
tracer studies were used to develop data on flow distribution,
circulation patterns, diffusion characteristics, and residence
times in the major channels and waterways of the Delta-Suisun
Bay system. Present water quality was determined throughout
the area of investigation primarily from data collected by other
investigators and augmented by limited supplemental sampling at
certain locations. Sources and amounts of natural and man-made
water quality degradation were examined to evaluate their present
and future effect on the quality of receiving waters. Estimates
of changes in water quality were made with respect to one assumed
method of operating the Peripheral Canal. A San Joaquin Master
Drain discharge was considered at several alternative outfall
locations

.

Hydraulic Characteristics '

The use of fluorescent dye tracers in studies designed
to investigate mixing, dispersion, travel time, and flow distri-
bution characteristics within the study area was moderately
successful. Precise quantitative determination of diffusion was
limited by photochemical and biochemical decay of the dye,
variations in background fluorescence, and the magnitude of
experimental errors in measurements and analysis.

Water Quality

Studies of the interrelationships of surface water
mineral quality showed that the distribution and composition of
waters throughout the Delta were influenced by the magnitude of
perimeter inflows, pumping demand of the Delta-Mendota Canal,
irrigation drainage, seawater intrusion, and variations in base
exchange capacities caused by seasonal and hydrologic changes.

Analysis of over 500 samples taken from surface waters
and irrigation drains, sediments and aquatic life, and collected
from October 19^3 through December 1964, indicated concentrations
of specific pesticides in practically every sector of the aquatic
environment. Chlorinated hydrocarbons were found in all samples
analyzed and thiophosphates generally were found in samples col-
lected in surface' drains near cultivated fields.
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Water Quality Degradation

Degradation of water quality was found to be caused by
natural as well as man-made processes^ Including the life cycles
of aquatic organisms, land surface runoff, sediment transport by
high water flows, biochemical cycles, and highly mineralized
surface or ground waters. Any of these causes can transform
high-quality water into water which is unsuitable for one or more
of the several beneficial uses of water.

Salinity intrusion from the San Francisco Bay system
increases concentrations in the western Delta and in Suisun Bay.
Variation in net outflow past Chipps Island is the primary
influence on the extent of this increase.

Prior to construction of Shasta Dam, salinity intrusion
into the Delta was not an unusual occurrence. Moderate to extreme
salinity intrusion occurred every two or three years on the average
In 1931, saline water intruded into the Delta to a point danger-
ously near Stockton. Since 19^^:, releases from Shasta Reservoir
have helped repel the summer salinity threat to the Delta. There
has been no year since completion of the Shasta Dam that a severe
salinity intrusion problem has been experienced within the interior
Delta. Had there been no releases for salinity control, salt water
would have intruded well into the interior Delta.

Delta agricultural drainage wastes are discharged through
more than 200 pump installations ranging in capacity from about
5 to almost 80 cfs. Most of the drainage waters are highly miner-
alized and contain high concentrations of nitrogen compounds.
Total seasonal waste flows range from a minimum of about 5OO cfs
in October and March, to a maximum of 1,600 cfs in January.
Estimated BOD loadings vary from 15,000 pounds per day in
September to 58,000 pounds per day in January. Nitrogen is dis-
charged at an estimated rate of 10,000 pounds per day in October
and 38,000 pounds per day in January.

Fifty-four municipal and industrial waste dischargers
dump ever-increasing quantities of waste contributed by approxi-
mately 1,500,000 people, plus associated industries, into the
surface waters of the Delta and Suisun Bay. The quantities of
waste discharged from individual works range from less than 1 cfs
to over 85 cfs with varying concentrations of minerals, organics,
and bacteria. Municipal and Industrial dischargers with a total
average daily flow of approximately 400 cfs, put an estimated
194,000 pounds per day of BOD and 43^000 pounds per day of
nitrogen into the receiving waters during i960.

Projections of the quantity and quality of waste dis-
charged from municipal and industrial facilities indicate that
between two and three times as much waste will be discharged in
1995 as at present. Total waste discharges will be approximately
1,000 cfs; assuming that waste treatment practices do not change,
BOD loadings are estimated to be about 460,000 and nitrogen load-
ings about 100,000 pounds per day.
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A special study conducted during September and October
1963, in the area of the San Joaquin River near Stockton, provided
data on the hydraulic, physical, and chemical environment, and the
effect of waste discharges on water quality. Pollution and oxygen
depletion were found to be functions of the dieoff of upstream
microorganism populations, high concentrations of nutrients and
BOD, large quantities of wastes discharged from the City of Stockton
waste treatment plant in the form of organic and inorganic (nitrogen
potential) BOD, low river flows with no dilution and/or waste trans-
port capabilities, and a change in environment that prevented
upstream autotrophic (plant) communities from surviving in the
Stockton Ship Channel.

Modeling Studies

The Corps of Engineers' hydraulic model of the San
Francisco Bay system was found to adequately reproduce tides,
salinities, and current velocities of the prototype for inflows of
2,000 cfs and to reproduce dispersion characteristics at l6,000 cfs.
Hydraulic model studies of the San Pablo-Suisun Bay system were
conducted to estimate changes in constituent concentrations resulting
from future discharge of municipal, industrial, and agricultural
wastes. Results from the model tests were generally effective in
determining depression patterns and mixing characteristics at various
Delta outflows.

A mathematical model was used to simulate the hydraulic
characteristics of the Delta. Solution of the model program by
digital computer provided hydraulic parameters for flow conditions
existing in 1955^ and those anticipated to exist in 1995* One solu-
tion for 1995 was a simulation of the anticipated mean dry year;
another was the characterization of conditions with the San Joaquin
Master Drain discharging at Antioch Bridge.

The net flows in Delta channels estimated from the hydrau-
lic solution of the mathematical model were fed into a mineral
quality routing program. The model solution for hydraulic and
mineral characteristics of the Delta, simulated for 1955 conditions,
was compared with observed prototype data to determine the model's
ability to reproduce the actual environment. These comparisons
showed that although the model did not simulate salinity intrusion
during low flow periods, reasonable agreement was obtained in areas
of net flow downstream where tidal diffusion of ocean salts was
nonexistent. On the basis of the correlation between model and
prototype results, conditions in 1995 were simulated incorporating
flow and quality data for perimeter inflows, agricultural drains,
municipal and industrial waste discharges, and water supply diversions
anticipated for 1995-

Delta Water Facilities

Operation of the Peripheral Canal will enable better
water quality control within the Delta. The degree of control
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in a given area will depend on location with respect to Peripheral
Canal release works and the operation criteria of the facilities.

Plans indicate several changes in the hydraulics of the
northern Delta. Water for the Peripheral Canal will be diverted
from the Sacramento River near Hood (Figure 2) a short distance
upstream from Snodgrass Slough. Release structures will be built
along the Peripheral Canal. Operation of the Delta Cross Channel
will be modified and a new control facility will be constructed in
Georgiana Slough.

The influence that flow releases in the dead-end sloughs
at the eastern perimeter of the Delta will have on acquatic life
cannot be determined at this time. However^ a physical result of
the releases will be the continuous flushing so that mineralized
and fertilized waters will not build up in these channels and slugs
will not be released into the large river channels during times of
storm runoff.

Evaluation of the studies on water flow and quality
conditions estimated for 1995 shows that variations in flow conditi
and increased waste loadings will generally be responsible for chan,
from present water quality. Some channels can be expected to have
higher BODj nitrogen, and phosphate concentrations. Areas that sho
be given special attention are in the central Delta from a point ne
Victoria Canal in Middle River, north to the San Joaquin River, and
from Rindge Tract, west to Jersey Island.

With the completion of the Peripheral Canal, net flow
reversals that presently occur during the summer near Stockton can
be eliminated and greater control can be exerted over the environme:
of that area. Changes in flow quantities, direction, point of orig
etc., could make the southern Delta one of the better quality-
controlled segments of the system. Elimination of net flow reversa
near Stockton will not eliminate degradation caused by the expected
increases in municipal and industrial wastes. The point of maximum
oxygen deficit will be displaced downstream from its present locati'
near the Calaveras River to a point near Rindge Island. Dissolved
oxygen depletions will probably not be as great, due to changes in
net velocities and flows, and minimums will be maintained above tho
required by the Delta fishery.

The portion of Middle River along the north side of Union
Island should be monitored carefully to assure that water released
from the Peripheral Canal will produce suitable quality. The assum
1995 operation criteria used in this study for the Peripheral Canal
calls for discharge into the northern reach of Middle River from Ma;

through August and maintenance of a flushing flow for the other
eight months of the year. Controlled releases to the river will be
necessary to control quality.
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Distribution of controlled flows between the San Joaquin
and Sacramento rivers will be different in 1995 than under present
conditions. The San Joaquin River and southern Delta channels will
contribute a greater proportion of water to western Delta outflow
than they do presently, and will be relatively more important
determinants of environmental conditions in the western Delta.

San Joaquin Master Drain

The San Joaquin Master Drain has been found to be the
most practical means of protecting the water supplies and agri-
cultural soils of the San Joaquin Valley. Quantity and quality
of drainage waters to be discharged from the San Joaquin Valley
were estimated during the San Joaquin Valley Drainage Investigation.
Probable changes in constituents concentrations resulting from
discharging this drainage water into the western Delta and parts
of the San Francisco Bay system were estimated during the Delta
and Suisun Bay Water Quality Investigation.

Studies to measure the effects of discharging the master
drain at Antioch Bridge, Port Chicago, Martinez, Crockett, and
Pinole Point, generally have shown that significant changes in
concentrations will occur only for sulfate, boron, and nitrogen.
These studies were predicated on discharging agricultural drain-
age as it developes and under minimum Delta outflow conditions.
Results do not reflect the advantages that might be realized
with operation controls including detention storage, dilution,
of treatment prior to discharge.

Evaluation of dye tracer studies, conducted to estimate
the changes in surface water quality which would result from the
discharge of agricultural drainage near Antioch, indicate that
the initial master drain discharge should not create any problems.
Initial increases in total dissolved solids, chloride, and sodium
will be insignificant, 2 percent or less. Sulfate concentrations
could be increased by 5 to l8 percent initially and in the future.
Increases in nitrogen concentrations during the early years of
drain operation will not exceed 10 percent except possibly during
extremely low flow periods in the San Joaquin River and then only
near the discharge point. Boron concentrations are expected to
be considerably below 0.5 mg/1.

Under 1995 conditions, operation of the master drain
should result in a small improvement in the receiving water con-
centrations of TDS, CI, and Na because it will help in controlling
salinity intrusion. Future increases in the boron level resulting
from drainage discharge near Antioch could approach the O.5 nig/l

level, but do not pose a problem to agriculture since substitute
water facilities can be provided for the western Delta.

-165-



Nitrogen concentrations in the San Joaquin River near
Antioch are projected to range between 2 and 3 mg/l under esti-
mated 1995 conditions. Alghough increases in nitrogen concentratio:
in conjunction with other nutrients ^ have been reported as being
responsible for excessive biological growths^ there are no data
presently available to indicate the nitrogen concentration in the
Delta and San Francisco Bay at which this might occur. Large
nitrogen concentrations in the Delta and Bay have not caused ex-
cessive biological growths to date. The surveillance program
proposed in conjunction with operation of the State Water Project,
should provide sufficient warning of possible problems in the
estuary so that remedial action can be taken.
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